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EXECUTIVE SUMMARY

The commercial nuclear sector faces unprecedented financial challenges driven by low natural gas prices
and subsidized renewables in a marketplace that does not reward carbon-free baseload capacity. These
circumstances, along with increasingly antiquated labor-centric operating models and analog technology,
have forced the premature closure of multiple nuclear facilities and placed a much larger population of
nuclear power stations at-risk. To enable nuclear plant economic survival in current and forecasted market
conditions, an efficient and technology-centric operating model that harvests the native efficiencies of
advanced technology is required. This is analogous to the transformation that has occurred in nearly every
other industry.

Historical regulatory barriers have largely precluded the modernization of nuclear plant first-echelon
safety systems to support this transformation. These barriers have now been largely addressed through
collaboration between industry leaders and the Nuclear Regulatory Commission (NRC). These advances
enable the modernization of key safety systems through the streamlined license amendment process
reflected in Digital Instrumentation and Controls Interim Staff Guidance #06 (D1&C-1SG-06), Revision 2,
“Licensing Process.” While regulatory advances have improved the environment for modernizing safety
systems, the industry has remained reluctant to perform such Instrumentation and Controls (1&C)
upgrades because of perceived regulatory risks associated with being the first adopter of the DI&C-ISG-
06, Revision 2 process for a major critical safety system.

This Light Water Reactor Sustainability Program (LWRS) research seeks to assist in breaking this
impasse through the development of vendor-independent Boiling Water Reactor (BWR) 1&C technical
and licensing related documentation. These products are intended to support first-echelon safety-related
(SR) upgrades for the industry. They include:

e A Plant Protection System (PPS) platform and application functional requirements baseline. The
envisioned PPS design concept is a common, SR, replacement digital platform that implements
the existing functions of the following BWR systems as applications:

0 Reactor Protection System (RPS)

0 Nuclear Steam Supply Shutoff System (N4S)

0 Emergency Core Cooling Systems (ECCS)*
= Core Spray (CS)
= High Pressure Coolant Injection (HPCI)
= Reactor Core Isolation Cooling (RCIC)**
= Low Pressure Coolant Injection (LPCI) mode of Residual Heat Removal (RHR)
= Automatic Depressurization System (ADS)

* ECCS represents the family of systems that provide core cooling. ECCS is not an
individual system.
** RCIC provides an emergency core cooling capability. It is identified as a separate system

in plant design documentation. It is grouped under ECCS for convenience.

The PPS platform is expected to be expandable to support hosting most of the SR functions in a
target BWR unit, within the hardware capabilities of the utility selected platform. This research
presupposes that a utility will select a vendor with a SR platform prequalified by the NRC. Use of
a NRC prequalified platform for the SR digital 1&C design enables the use of the DI&C-1SG-06,
Revision 2, Alternate Review (AR) process.

The vendor-independent PPS platform and application functional requirements baseline is
provided in Appendix A.

¢ A Non-Safety Related (NSR) platform requirements and application requirements baseline for the
Redundant Reactivity Control System (RRCS). In accordance with Title 10 of the Code of
Federal Regulations, Part 50, Energy, Section 62 (10 CFR 50.62), the RRCS must remain fully



independent of the PPS but need not be constructed of SR components. This research also
presupposes a scenario where a Diversity and Defense-in-Depth (D3) analysis of the
implementation of the NRC prequalified platform shows that Diverse Actuation System (DAS)
functionality is required to address the potential for a common cause failure of the SR platform.
This research proposes that DAS functionality (including the RRCS anticipated transients without
scram [ATWS] function) be implemented using a NSR distributed control system (DCS).

The vendor-independent requirements baseline for the non-safety platform requirements and
application requirements baseline for the RRCS is provided in Appendix B. These requirements
form the basis of the DCS requirements for the DAS function in the DCS.

e A License Amendment Request (LAR) Framework Document. To implement the stated scope in
a target BWR unit, a LAR must be submitted to the NRC. This research provides a vendor-
independent LAR Framework Document created in a format consistent with the DI&C-1SG-06,
Revision 2 AR process. Informed by the functional requirements baselines, the LAR Framework
Document provides notional architectures and design attributes directed toward an advanced end-
state. This provides a vehicle to communicate additional design information to vendors and
streamlines the future generation of a complete, utility developed, vendor and unit-specific LAR
which will be augmented to address plant-specific details, formatting, and the aspects of a
complete LAR, as defined in guidance provided in Nuclear Energy Institute 06-02, “License
Amendment Request Guidelines.” The LAR Framework Document also provides the NRC an
understanding of envisioned design concept attributes in a format that allows for early evaluation
of their licensability.

The vendor-independent LAR Framework Document is provided in Appendix C.

With the cooperation of Exelon Generation, the Limerick Generating Station (LGS) Units 1 and 2 were
used as a basis for the creation of the research documents described above.

The vendor-independent functional requirements baselines and LAR Framework Document are written in
a coordinated fashion to provide an aggregate solution that goes far beyond a like-for-like replacement.
They describe capabilities and features enabled by digital technology to reduce acquisition, operating and
maintenance (O&M), and lifecycle costs. The modernized requirements baselines and LAR Framework
Document describe features that enable improved plant performance, improved data retention and
analysis, and improved Human System Interfaces (HSIs). They enable a larger, plantwide digital
transformation end-state that minimizes the plant total cost of ownership.

Utilities planning to perform BWR SR 1&C upgrades and associated NSR DAS function installations on
their plantwide NSR DCS would tailor information contained in the vendor-independent functional
requirements baselines and LAR Framework Document produced by this research for use on their
particular units. Utilities would then leverage this tailored information as a starting point for the
collaborative development of SR digital I&C and NSR DAS requirements with their selected vendor(s). A
utility and their selected vendor would collaboratively adapt and refine the tailored requirements baselines
and LAR Framework Document to conform these documents to the utility’s specific needs for a particular
unit and the capabilities of the selected vendor’s product lines.

The LWRS Program appreciates the research support provided by Exelon Generation. Exelon Generation
is leveraging this research to support their in-progress LGS PPS upgrade and plans to leverage it for their
RRCS replacement. This research report and the associated appendices make no commitments for Exelon
Generation.
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VENDOR-INDEPENDENT DESIGN REQUIREMENTS
FOR A BOILING WATER REACTOR SAFETY SYSTEM
UPGRADE

1. Introduction and Scope

Currently installed Boiling Water Reactor (BWR) first-echelon safety systems have performed their
function admirably. Most, however, are of the original plant vintage. As such, they are increasingly less
supportable and more maintenance intensive. Parts are increasingly difficult and costly to obtain, and the
expertise to maintain these older analog (and in some cases first generation digital) systems is waning.
Making additional investments on these obsolete systems or providing like-for-like digital replacements
that perform the same function as the original systems provides no opportunity for employing advanced
digital technology capabilities to lower plant costs or improve plant performance. Costs associated with
sustaining activities for older systems are rising rapidly. Like-for-like system replacement costs can rival
those for digital systems which provide much more capability.

Up to now, there has been no road map for performing a large-scale digital transformation of currently
operating nuclear plants to extend their technical longevity, while at the same time reducing their
operating and maintenance (O&M) costs. The LWRS Plant Modernization Pathway, with input from
Exelon Generation, has developed a design concept for first-echelon BWR safety system 1&C upgrades as
a key enabler for a larger Concept of Operations that moves an existing plant from a labor-centric analog
domain to a technology-centric digital domain. This is illustrated in Figure 1 below.
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Figure 1. Safety-Related 1&C Enables Advanced Concept of Operations Functions.

The Concept of Operations Model establishes strategic objectives and constraints for all plant protection,
control, and business functions as an integrated set (shown in green above). This promotes a business-
driven digital transformation strategy that reformulates the traditional labor-centric nuclear power plant
operating model to one that is technology-centric. This supports a smaller on-site staff footprint, while
increasing the safety, reliability, and situational awareness and improves focus on daily plant operations.

The research scope of this phase of the digital transformation strategy for a BWR is outlined in red in
Figure 1 and includes:

e A Plant Protection System (PPS) platform and application functional requirements baseline. The
envisioned PPS is a common, safety-related (SR) platform that will implement the functions of
the following BWR systems as applications:



0 Reactor Protection System (RPS)
0 Nuclear Steam Supply Shutoff System (N4S)
o0 Emergency Core Cooling Systems (ECCS)

The PPS platform is expected to be expandable to potentially host most of SR functions in the
unit, within the hardware capabilities of the utility selected, NRC prequalified platform.

e A Non-Safety Related (NSR) platform requirements and application requirements baseline for the
existing SR Redundant Reactivity Control System (RRCS). In accordance with 10 CFR 50.62,
“Requirements for reduction of risk from anticipated transients without scram (ATWS) events for
light-water-cooled nuclear power plants” [Reference 1], the RRCS must remain fully independent
of the PPS but need not be constructed of SR components. Consequently, it is envisioned that the
RRCS will be upgraded using a NSR distributed control system (DCS).

Developing a design concept for these first-echelon BWR safety system 1&C upgrades is a key enabler
for the holistic approach of the envisioned digital transformation. This holistic approach positively
impacts business and operational needs that are beyond the scope of the identified systems themselves. As
a representative example, consider online performance monitoring. Digital systems are inherently capable
of collecting and disseminating large volumes of process and plant performance data. This research
eliminates the manual recording of system data. It significantly increases the amount of outbound
information that is available from the SR systems for remote monitoring and data analytics, which enables
condition-based maintenance. These opportunities are reflected in red text items in Figure 1.

To implement the stated scope, a complete License Amendment Request (LAR) must be submitted to the
NRC. This research also provides the digital portion of a complete LAR as a vendor-independent LAR
Framework Document created in a format consistent with Digital Instrumentation and Controls Interim
Staff Guidance #06, Revision 2, “Licensing Process” (DI&C-1SG-06) [Reference 2] to aid this effort. The
LAR Framework Document is informed by the above functional requirements baseline and also contains
other necessary information such as notional architectures. The LAR Framework Document also provides
guidance for incorporating vendor-specific information for designs prequalified by the NRC to streamline
the process of generating a complete, utility directed, vendor and unit-specific LAR. The LAR
Framework Document also affords the NRC an early opportunity to understand envisioned design
attributes and research direction in a format which allows for the early evaluation of their licensability.

Initial related economic research evaluations of implementing the PPS along with its associated
applications as well as migrating the RRCS to a NSR DCS provide a compelling justification to support
these upgrades. This initial related research will more closely relate the vendor-independent functional
requirements in Appendices A and B to identified economic benefits of digital modernization. This related
economic research is being documented in a separate report.

The remaining sections of this research report provide the following information:

e Section 2 describes the process used to develop the two vendor-independent functional
requirements baselines (Appendices A and B) as described above.

e Section 3 describes the process used to develop the vendor-independent LAR Framework
Document (Appendix C) as described above. It also provides an overview of key digital upgrade
design concepts as captured for both the SR PPS and the NSR DAS functions.

e Section 4 describes how the vendor-independent functional requirements baselines and LAR
Framework Document are to be used by the utility and their selected vendor.

The research team has endeavored to ensure that all documents that make up this research report are
technically consistent. Due to the complex nature of this activity and the use of multiple authors, however,
some deviations may exist. Any such deviations are unintended and are most likely at a level of detail that
would not impact the overarching objectives of this research report.



The LWRS Program appreciates the research support provided by Exelon Generation. Exelon Generation
is leveraging this research to support their in-progress LGS PPS upgrade and plans to leverage it for their
RRCS replacement. This research report and the associated appendices make no commitments for Exelon
Generation.

2. Vendor-Independent Functional Requirements Baselines

MPR Associates, Inc. was subcontracted by the LWRS Program to lead the authoring of the two vendor-
independent functional requirements baselines described below. MPR coordinated extensively with
personnel from the Exelon LGS and LWRS in the creation of the functional requirements baselines.

These products are intended to support first-echelon BWR SR upgrades for the industry. With the
cooperation of Exelon Generation, the LGS was selected as a basis for creation of the following:

e A PPS platform and application functional requirements baseline. The envisioned PPS is a
common, SR, replacement digital platform that will implement the existing functions of the
following BWR systems as applications:

o RPS
o N4S
0 The family of systems that together are referred to as the ECCS

The vendor-independent PPS platform and application functional requirements baseline is provided
in Appendix A.

¢ A NSR platform requirements and application requirements baseline for the RRCS.

The vendor-independent requirements baseline for the non-safety platform and RRCS application is
provided in Appendix B.

The subsections below provide details as to how the functional requirements baselines were created.

The “requirements” in Appendices A and B are, in fact, only a baseline. Appendices A and B are intended
to provide specific information regarding desired attributes of the envisioned end-state when the scoped
systems are replaced with new digital technology. Appendices A and B have been developed as tools for
the nuclear industry to engage vendors in a collaborative effort to adapt and conform them with the needs
of a particular unit and to the capabilities of the selected vendor’s product line. To provide a firm
foundation for Appendices A and B, LGS was selected as the reference facility for this effort. Because of
this, the research information contained therein is tailored to the LGS plant design and reflects design
concept decisions made by research participants to achieve objectives associated with LGS digital
transformation plans. Exelon is leveraging Appendices A and B as part of an effort to perform first-
echelon SR 1&C upgrades at LGS. From an industry perspective, these requirements baselines contain
design concepts based on an actual reference plant. Section 4 presents how the functional requirements
baseline information is being used by utilities and by their selected vendors in conjunction with the LAR
Framework Document (Appendix C) to create a final, unit-specific set of functional requirements.

2.1 Functional Requirement Baseline Development Process
2.1.1  Guiding Principles

Guiding principles were established at the onset of this research activity to frame the approach for
developing the platform and application functional requirements baselines. While these were primarily
generated with a focus on SR applications, the principles can be generally applied for NSR applications as
well with minimal adjustments. A list of these principles is provided below:

e There are multiple vendors who provide SR systems that have received a Safety Evaluation (SE)
Report from the NRC (e.g. Westinghouse Common Qualified [Common Q] Platform, Areva
Teleperm XS, Radiy RadICS). Based upon a general understanding of these systems from publicly



available data, a generic superset of features that they offer was drawn upon to enable a best
aggregate solution, while keeping the research design concept bounded in the “art-of-the-possible.”

e To reduce overall design and implementation risks, requirements should maximize the use of off-
the-shelf technologies and features rather than driving first-of-a-kind development efforts.

e Overall licensing risk should be minimized, while at the same time introducing the use of existing
technologies in ways novel to nuclear that can provide clear operational/economic benefits.

o Field devices that provide inputs to the systems and field devices that are driven by outputs from
the systems are to be retained, to the extent practical. Requirements shall not be developed with the
intent to require the installation and use of new or additional field devices.

¢ Requirements shall encourage the consolidation and reduction of field devices (e.g. transmitters) to
the extent practical.

e Some requirements will be constrained by the physical configuration of retained field devices and
wiring outside of the 1&C cabinets. Design bases and licensing constraints for such equipment will
not be altered by the upgrade effort.

e Current industry standards and licensing requirements will be invoked, where appropriate, for new
digital equipment (primarily within and between cabinets where new digital equipment will be
installed).

e Ingeneral, all the functions of the existing systems intended to be migrated to the new digital
platforms are to be provided as applications. Any additions, omissions, or deviations (e.g. a change
in voting scheme) within the new digital platforms and hosted functional requirements are to be
clearly identified.

o Design attributes of the new digital platforms should support the elimination of Technical
Specification surveillances, calibrations, time response testing, etc. to reduce labor and other O&M
costs.

2.1.2 Decisions for the Design Concept

In some cases, the guiding principles listed above may conflict. In others, the guiding principles did not
by themselves provide sufficient guidance to establish a particular design concept direction. In order to
keep the design concept moving forward, it was necessary to coordinate with Exelon as a research team
participant to make design concept decisions. As the need for these decisions were identified, they were
captured in a Research Decision Matrix for tracking and disposition. These items were discussed during
meetings, with the resulting dispositions documented to support the direction to be pursued by this
research activity. Appendix D captures the Research Decision Matrix that supported the development of
the functional requirements baseline for each of the applications as well as the PPS and NSR platforms.
These research decisions may be revisited as the design progresses and based upon selected vendor
platform capabilities. Section 4 presents in more detail how the Research Decision Matrix may be used by
utilities and by their selected vendors in conjunction with the functional requirements baselines
(Appendices A and B) and the LAR Framework Document (Appendix C) to create a final, unit-specific
set of functional requirements.

2.1.3 Stakeholder Needs

Using the systems engineering guidance contained in the Electric Power Research Institute (EPRI) report
3002011816, Digital Engineering Guide [Reference 3], several stakeholder organizations (e.g.
engineering, maintenance, operations, etc.) within Exelon were solicited to provide input to the
development of the baseline platform and functional requirements. The objective was to elicit a set of
clear and concise needs related to the digital modernization effort and to transform these stakeholder
needs into verifiable stakeholder requirements. Multiple workshops were conducted with research



participants, which resulted in a number of requirements being revised to reflect stakeholder needs or
resulted in the creation of new standalone requirements.

2.1.4 Requirements Baseline Document Road Map

A Microsoft Excel workbook was chosen as the mechanism to document the requirements. Each existing
system being upgraded was assigned a spreadsheet for design requirements (DR) and another for
functional requirements (FR). The spreadsheets were initially populated with requirements information
applicable to the existing system design and licensing basis. Each of the requirements was assessed to
determine the degree to which it was impacted by the transition to a digital platform. The impact may be
an update to a source/basis entry, an elimination of a requirement, the creation of a new requirement, the
revision of a requirement, or no impact. The impact assessment was documented in the spreadsheet. Any
changes from the existing system requirements were captured using additional columns to retain the
history associated with the evolution of the requirement. The spreadsheets were used as a tool to arrive at
the final version of the requirements that reflect the intended FR and DR for each current system to be
hosted on a digital platform as an application.

The Excel workbook includes two additional spreadsheets that document the creation and evolution of the
digital platform requirements for the replacement SR and NSR digital platforms. The new platform
requirements define the functional and performance framework that envelope the DR of the existing
platforms. This is necessary to satisfactorily host the system applications described in the FR that are to
be migrated to the respective replacement SR and NSR digital platforms. The SR and NSR platforms
must demonstrate that they satisfy the DR of each of the current systems, while hosting the respective
applications that meet the FR that have been created for those same systems. In this way, the replacement
platforms and hosted applications can be shown to meet the requirements that the current systems satisfy.

All the requirements documented in the Excel workbook have been intentionally tailored so that they are
vendor-independent. The final version of this collective set of requirements represents a bounding
framework specific to LGS (as the research basis units) to support the transition to digital platforms. This
has been defined as the functional requirements baseline. Microsoft Word documents have been
developed to communicate the functional requirements baselines to utility selected prospective candidate
vendors; one for the SR requirements (Appendix A) and another for the NSR requirements (Appendix B).
Both Appendix A and Appendix B provide a narrative to explain the purpose, background, scope, and
approach for this endeavor and provide a listing of all the references used to develop the FR and DR. The
final versions of the vendor-independent SR and NSR platform and application requirements were
exported from the Excel workbooks into Word tables, which are included in Appendices A and B. It is
intended that utilities and their selected vendors will leverage these research products (Excel workbooks
and Appendices A and B) as an input to collaboratively conform them to the vendor’s product line. This
will result in the creation of unit- and vendor-specific functional requirements that meet both the utility’s
need and all applicable design and regulatory requirements.

The native Excel workbook files contain additional information that goes well beyond what is contained
in Appendices A and B. This additional information is critical to understanding how both appendices
were produced, starting from source design and licensing basis documentation for the current systems and
how these were leveraged in the process to create Appendices A and B. The native files are a roadmap
that captures the thought process to create the functional requirements baseline deliverables. The native
files also show the delta between the source design and its licensing basis as compared to the new
requirements. Showing this transition is necessary when the final replacement system requirements are
used as supporting documentation for NRC review of the complete LAR submittal. Having this
information in a Microsoft Excel workbook format lends itself to incorporation into a requirements
management tool to support future requirements traceability. For these reasons, the separate Microsoft
Excel workbook native files from which Appendices A and B were drawn are also available for general
industry use.



2.1.5 Identification of Design and Functional Requirements Derived from
Existing Systems

The identification of the applicable design and functional requirements for the existing systems to be
migrated to the digital platforms begins with a review of relevant documents. The types of documents to
be reviewed include, but are not limited to, the Updated Final Safety Analysis Report (UFSAR), plant
drawings, plant procedures, Design Basis Documents, specifications, calculations, system descriptions,
etc. The lists of LGS documentation used in the development of the respective DR and FR for the existing
systems are identified in Section 5 (references) of Appendices A and B.

Each existing system is assigned two Excel spreadsheets; one for DR and one for FR. The baseline
requirements that establish the licensing and design basis for a system have been drawn from various
codes, criteria, and regulatory requirements. For the 1&C portions of the existing systems (hardware,
relays, etc.), the regulatory guides, 10 CFR 50 Appendix A “General Design Criteria” (GDC) [Reference
4], and industry codes and standards that are applicable are listed in the respective DR spreadsheet.

For each DR spreadsheet, their structure is as follows:
e Each row of the spreadsheet is associated with a specific DR.
e Columns A and B: Used to assign a unique ID to each DR.
e Column C: Provides a description of the DR.
e Column D: Identifies the existing source/basis for the DR.

e Column E: Identifies the new source/basis for the DR. If there is no change, the same source/basis
applies.

e Column F: Identifies how the existing system complies with the design requirement.

e Column G: Identifies what the impact will be to the DR source/basis or the ability of the design to
comply with the requirement based on the transition to the digital platform.

e Column H: Provides the reference that identifies how the existing system complies with the
design requirement.

Columns A, B, C, and E from each DR spreadsheet are exported for use in the vendor-independent
functional requirement baseline deliverables as provided in Appendices A and B.

The baseline requirements for the instrumentation and control portions of the system that describe the
application functionality are listed in the respective FR spreadsheet. The FR also incorporate elements
that reflect design constraints, physical constraints, licensing commitments, system interfaces, system
boundaries, control philosophy, controlling parameters, etc.

For each FR spreadsheet, their structure is as follows:
e Each row of the spreadsheet is associated with a specific FR.
e Columns A and B: Used to assign a unique ID to each FR.
e Column C: Provides a description of the FR for the existing system.
e Column D: Provides a description of the initial iteration of the FR for the new platform.
e Column E: Provides a description of the final iteration of the FR for the new platform.
e Column F: Identifies the existing source/basis for the FR.

e Column G: Identifies the new source/basis for the FR. If there is no change, the same source/basis
applies.



e Column H: Provides additional information deemed necessary to further explain/clarify a
requirement entry.

e Column I: Identifies what the impact will be to the FR source/basis or the FR as initially
described, based on the transition to the digital platform.

The evolution of an FR can be seen by comparing the content across columns C, D and E. Based on the
iterations that occurred for some of the individual requirements captured in the FR, this may have resulted
in the elimination of a requirement, the creation of a new requirement, the expanding of a requirement
into multiple requirements, or the revision of a requirement. Empty cells designated as “Not Used” are a
clear indication that a requirement evolved.

Columns A, B, E, G, and H from each FR spreadsheet are exported for use in the vendor-independent
functional requirement baseline deliverables as provided in Appendices A and B. Cells/rows designated
as “Not Used” are not included in the FR contained in Appendices A and B.

2.1.6 Identification of Replacement Digital Platform Functional Requirements

The identification of the applicable FR for the replacement SR and NSR platforms was based on the
authors’ familiarity with features and capabilities that are available with and unique to digital platform
designs. Many of these FRs reflect typical architecture, HSI, communication and other related capabilities
prevalent in the industry. There are a number of FR identified that that are unique to the needs of the
LGS.

The SR and NSR platforms are each assigned one FR Excel spreadsheet.

Each SR and NSR platform spreadsheet structure is as follows:
e Each row of the spreadsheet is associated with a specific FR.
o Columns A and B: These columns are used to assign a unique ID to each FR.
e Column C: This column provides a description of the initial iteration of the FR.
e Column D: This column provides a description of the final iteration of the FR.
e Column E: This column identifies the source/basis for the FR.

The evolution of an FR can be seen by comparing the content across columns C and D. Based on the
iterations that occurred for some of the FR, this may have resulted in the elimination of a requirement, the
creation of a new requirement, the expanding of a requirement into multiple requirements or the revision
of a requirement. Empty cells designated as “Not Used” are a clear indication that a requirement evolved.

Columns A, B, D, and E from each FR spreadsheet are exported for use in the vendor-independent
functional requirement baseline deliverables as provided in Appendices A and B. Cells/rows designated
as “Not Used” are not included in the FR contained in the baseline deliverable.

2.2 Vendor-Independent Functional Requirements Baseline Review

Exelon Generation personnel at LGS reviewed and provided comments to Appendix A. All comments to
this research product were dispositioned and appropriate changes incorporated.

Exelon Generation has chosen to separately pursue the implementation of the RRCS upgrade. At such
time when Exelon pursues a project to replace RRCS, a LGS personnel review and comment disposition
cycle will need to be performed on Appendix B in order to ensure that the research contained therein is
reflective of the LGS RRCS.

The entire content of the native Excel workbook files, including the information provided in Appendices
A and B, represents an interim state in the design concept of these systems and has been reviewed by
technical personnel and administrative editors at MPR Associates Inc.



Exelon also contributed to and reviewed the Research Decision Matrix provided in Appendix D.

3. Vendor-Independent License Amendment Framework Document

MPR Associates, Inc. was subcontracted by the LWRS Program to lead the authoring of the vendor-
independent LAR Framework Document. MPR worked with personnel from the Exelon LGS and LWRS
to generate much of the technical content contained in the LAR Framework Document presented in
Appendix C. This section describes the process by which Appendix C as was developed. This section also
provides an executive summary of the key digital upgrade design concepts as captured for both the SR
PPS and the NSR DAS and their respective functions.

A complete LAR must be submitted to the NRC and approved to enable implementation of first-echelon
safety system upgrades in the target unit or units. This research provides a vendor-independent LAR
Framework Document created in a format consistent with the DI&C-ISG-06, Revision 2, AR process.
Plant-specific details, formatting, and many of the aspects of a complete LAR, as defined in guidance
provided in Nuclear Energy Institute 06-02, “License Amendment Request Guidelines” (NEI 06-02)
[Reference 5], are not incorporated in the LAR Framework Document. The LAR Framework Document
focuses on the LAR aspects that are different for digital content, leaving the established LAR details to
the utility to add and generate the complete LAR. The decision to focus only on the digital aspects in this
research ensures that the digital detail is not obscured by the content required in the complete LAR.

The subsections below provide details on the creation of and an executive summary for the LAR
Framework Document. The rest of this section provides reasoning for creating this Framework Document
so early in the design process.

At this point in design concept development, the LAR Framework Document supports two separate but
related purposes. First and foremost, the LAR Framework Document provides a mechanism for the
research team to capture and communicate a comprehensive, top-down description of the systems being
replaced, along with a description of the replacement systems and their overall function in one place.
Secondly, the LAR Framework Document provides a foundation on which to generate a LAR consistent
with NRC expectations for a digital system.

This upgrade effort does far more than provide like-for-like functional replacements of the current
systems. The new systems leverage current state-of-the-industry digital technology not only to implement
the functions of the original systems, but also to leverage that technology to:

¢ Drastically reduce equipment part counts, thus increasing reliability while lowering acquisition,
installation, and lifecycle support costs

o Enable mass data capture for historical and data analytics purposes
o Implement advanced diagnostics to detect system faults and failures

e Eliminate most of technical specifications surveillance tests, calibrations, and operational checks
by either the inherent nature of the design or by automated diagnostic processes

¢ Eliminate the potential for human error by eliminating the need to lift and re-land field leads at
the logic solver and by providing test aids (e.g., test jacks, signal disconnect switches) where
testing or troubleshooting is required

e Eliminate some potential human performance error traps by automating parts of the RHR

e Provide previously unavailable plant data to the Operations staff in the Control Room (CR)



o Improve plant operational performance, while at the same time drastically reducing O&M
workload and the potential for human performance error

e Support the implementation of an end-state CR modernization that is predominately digital,
minimizing the manual switches and meters in the CR.

In the aggregate, these features are intended to support the overarching objective of economical and
sustainable nuclear plant operation, including a path to address digital equipment obsolescence through
lifecycle management. While informed by and consistent with the “bottom-up” view of the proposed
replacement systems provided by the functional requirements baselines developed, as described in
Section 2, the LAR Framework Document provides a “top-down” view of overall system architecture and
features, which cannot be easily gleaned from the functional requirements by themselves. Eventually,
design documentation will be created by the implementing utility and their vendor in later project phases
that will govern the design, as described in the actual, complete LAR document created by the utility, as
described in Section 4. But at this phase of the design process, the LAR Framework Document focusses
on, captures, and communicates this information.

The second purpose of the vendor-independent LAR Framework Document is to provide a mechanism for
the NRC staff to obtain an early understanding of envisioned safety system digital replacement design
attributes identified in this research in a format which allows for an early evaluation of their licensability.
By providing the draft technical information as described above as early as possible in the design process
in a format consistent with that identified in DI&C-1SG-06, Revision 2 for the AR process, the NRC staff
can provide early feedback on both the technical content and the format in which an implementing utility
may communicate that information. The intent of early communication is to reduce implementing utility
licensing risk.

The vendor-independent LAR Framework Document is in fact, only a framework. The LAR Framework
Document provides top-down information with regard to notional architectures and attributes of the end-
state when the scoped systems are replaced with new technology. The rest of the industry guidance
regarding the content of a complete LAR, as provided in NEI 06-02, needs to be added to this LAR
Framework Document and applied to the Technical Specification changes, along with utility-specific
formatting of the complete LAR. The LAR Framework Document provided in Appendix C will never be
submitted formally to the NRC, although the NRC may choose to read this research report. How
Appendix C could be used by a utility and their selected vendor in conjunction with the vendor-
independent functional requirements baselines to create a final, unit specific LAR is presented in
Section 4.

3.1 License Amendment Request Framework Document
Development Process

The LAR Framework Document development process considered the digital 1&C guidance provided in
both the D&IC-ISG-06, Revision 2 and in the digital-specific appendices to the NEI 06-02 guidance
developed for the digital LAR author. The LAR Framework Document provided in Appendix C focuses
on the digital aspects, leaving the other, proven mechanics of writing a complete LAR for the utility, as
defined in the remainder of NEI 06-02. Rather than diluting the digital I&C message with the required
LAR mechanics, which are familiar to utilities, the LAR Framework Document provided in Appendix C
focuses on the digital aspects in D&IC-1SG-06, Revision 2.

Research decisions were incorporated into the Research Decision Matrix. An abbreviated, revised version
of the Research Decision Matrix is provided in Appendix D, incorporating editorial revisions for reading
and comprehension. The Research Decision Matrix was used to document design choices that were then
implemented in the design concept captured in the functional requirements baselines and in the LAR
Framework Document. Note that the Research Decision Matrix for the most part documents decisions
necessary to implement the systems, since the existing reference plant architecture and plant safety



requirements are considered design constraints for which no decision is required. In a small number of
cases, it was decided to modify existing architectures and design constraints as part of this research to
obtain functional benefits and/or reduce cost without negatively impacting safety (e.g. changes to voting
logic, the removal of redundant sensors). Such decisions were also captured in the Research Decision
Matrix. The Research Decision Matrix, the functional requirements baselines, and LAR Framework
Document should be retained as retrievable design input records, as the record of decisions, requirements,
and system descriptions will assist implementations performed on any unit.

3.2 Guiding Principles for Licensing

The development considered the current regulatory environment, including software and hardware
guidance. The LAR Framework Document is based on complying with current guidance and on an
architecture that provides a more computer-based monitoring and control system for the plant, minimizing
the number of hardwired switches, meters, and recorders, while maximizing the ability of the operator to
understand plant state through computer-driven displays.

The list of references used during development of the vendor-independent LAR Framework Document is
provided in Appendix C, Section 10. These references include regulatory documents, industry standards,
vendor and NRC documents (e.g., vendor’s Licensing Topical Report, NRC SE Report, vendor’s Failure
Modes, Effects, and Diagnostics Analysis), and Limerick-specific documents (e.g., UFSAR, drawings,

D3 Analyses, Functional Requirements for the PPS as a system and the DAS function in the DCS, Vendor
Oversight Plans [VOPs] for the PPS and DAS function, and Project Plans). Many of these references are
common to the Vendor-Independent PPS Functional Requirements Baseline.

In addition to the guiding principles defined in Section 2.1.1, the LAR Framework Document also
considered the following guiding principles:

o Consider and incorporate the guidance provided in current regulation, consistent with the
regulation used by the NRC to evaluate the prequalified platform.

o Consider and incorporate, where possible, the approach taken in the nonproprietary architecture
and licensing aspects of safety systems in current plants accepted by the NRC. The LAR
Framework Document considered publicly available information on the 1&C systems in several
modern plants, including the Westinghouse AP1000 pressurized water reactor (PWR), General
Electric-Hitachi (GEH) Advanced Boiling Water Reactor (ABWR), and Korean APR1400 PWR.
The approach is restricted by limitations placed on the architecture by the existing field sensing
and actuation equipment.

e Consider current proven-in-use approaches used by safety critical industries outside nuclear
power and determine where those approaches could be applied or applied with modifications
appropriate for nuclear power plants.

e Consider the use of a single, expandable platform having the capability to meet the needs of this
and future modernizations of nonspecialized monitoring and control (i.e., not radiation
monitoring, LPRM/APRM/OPRM, HVAC, or Emergency Diesel Generator (EDG) controls),
thus minimizing the number of SR platforms in use.

3.3 Design Concept Decisions for Licensing

Several system architecture and requirements design concept decisions were made to reduce licensing
risk. These include the following:

o Asdefined in LAR Framework Document Section 3.1.1, the licensing basis for the PPS logic
solvers is also to be modernized. Within the limitations imposed by the existing field wiring at the
input and output terminations within the existing RPS, N4S, ECCS, and RRCS cabinets, the PPS
complies with current as-endorsed Institute of Electrical and Electronics (IEEE) standards and
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considers the clarifications in more modern IEEE standards not yet endorsed. The PPS is
implemented in compliance with endorsed IEEE standards, but the design process also considers
guidance from current IEEE standards in the design.

e To provide enhanced failure tolerance and to eliminate issues with one-out-of-two taken twice
voting, all PPS inputs are processed by PPS channels. The PPS channels provide only the votes
(i.e., results of bi-stable evaluations and discrete input states) to the PPS divisions, which usually
perform a two-out-of-four vote on each one of the redundant field process values, requiring
two of the four channels to provide votes to not scram, scram, not actuate, or actuate on the same
sensor before implementing the required protective action. The existing system could take
protective action based on one process sensor in the first division and a different process sensor in
the second division. By forcing evaluations of all parameters individually, the PPS design concept
eliminates noncoincident scrams or actuations. The PPS design concept also should minimize, if
not eliminate, half scrams and half actuations, where one division decides to scram or actuate and
the other division does not. For plant scrams, both divisions of the existing design have to actuate,
so a half scram did nothing more than heighten tension in the CR. For existing system actuations,
a half actuation could isolate the inboard or outboard isolation valve or start one of the ECCS.
Closing both isolation valves in a pathway provides a much larger potential for actually isolating
the pathway.

e To provide equivalent or better fault tolerance for failed discrete outputs, the PPS as well as DAS
functions executed in the DCS both provide diagnosed single-failure tolerant discrete outputs.
The use of single-failure tolerant discrete outputs ensures that no single failure of an electronic
output switch can result in blocking a required protective action or falsely initiating an unrequired
protective action. The requirement for diagnostics on those outputs ensures that output switch
failures are detected and alarmed in the CR.

e The existing system provided little information to the CR operator concerning the plant state
being evaluated by the RPS, N4S, and ECCS analog trip modules. If operators needed data, the
operators dispatched staff to the Auxiliary Equipment Room, where the analog trip modules were
installed, to read and record data values. These values would then be provided to plant
watchstanding operators. The modernized system displays that data on video displays in the CR.

3.4 Stakeholder Needs that Affect Licensing

Some of the stakeholder needs, as discussed in Section 2.1.3, also affected the LAR Framework
Document. Stakeholder requests were considered and implemented in the LAR Framework Document
where appropriate. If implementation would require additional field sensors or actuators, that stakeholder
need was retained for a potential future modification. If the implementation could be accomplished using
existing field equipment and additional application software in the logic solver, that need was further
evaluated to see if the implementation could be licensed. Several stakeholder requests could be met
without licensing considerations. However, some of the requests changed the way design functions are
documented in the UFSAR and would be implemented as part of this modernization. Since the request
changes the UFSAR and will be implemented in this modernization, the change has to be discussed in the
LAR Framework Document for incorporation into the complete LAR.

In one example, the Operations staff asked if the NSR RHR modes could be automated, such that a soft
control on a video display could be used to check appropriate interlocks and set the appropriate valve and
pump configuration, ensuring that a single operator mistake could not have large consequences.
Automation of the NSR RHR modes requires an evaluation and discussion in the LAR Framework
Document. The automation provided supports the operator, in that the operator uses soft controls on video
displays to initiate functions. The automation does not replace the operator, who is still required to initiate
an operator-defined function. Since this automation does help eliminate human performance errors, this
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automation of NSR aspects of the SR RHR system should be acceptable and should be considered in
advancing from primitive analog to modernized digital systems.

In another example, concerns over the adverse effects on the plant on actuation of the Standby Liquid
Control System (SLCS) led to the research decision to provide a means of inhibiting automatic SLCS
actuation. In the modernized system, concerns about maintenance error falsely initiating SLCS led to the
addition of the SLCS Inhibit capability. This capability would allow the RO to inhibit SLCS initiation at
the direction of the SRO while work proceeds on RRCS, along with the capability of bypassing channels
within ATWS for testing. This is consistent with the ADS, which also provides an inhibit capability in the
CR.

The lesson learned from this evaluation is that the industry should consider modern methods and not feel
constrained by the design choices made in the existing analog design. The existing analog design is
definitely a compromise, based on what could be reasonably achieved with limited functionality
components and minimized complexity. The modernized system should not be constrained by the design
choices made based on the capabilities of analog trip modules, pneumatic time delay relays, and relay
logic. The modernized design should eliminate or at least minimize Operations and Maintenance staff
workload. This can reduce the total cost the plant ownership over time to assist in keeping the unit
economically viable, while at the same time improving safety by reducing human performance errors. It is
also especially important to improve performance during accident and transient plant conditions, even if
the plant license does have to be changed to incorporate the modernization.

3.5 LAR Framework Document Development and Use

3.5.1 Initial Development and Use

The vendor-independent LAR Framework Document is written in a format and at a level of detail to
satisfy the DI&C-1SG-06, Revision 2 AR process. The LAR Framework Document was developed in
parallel with the vendor-independent PPS and NSR Platform and RRCS functional requirement baselines
(Appendices A and B, respectively). This was done to maintain consistency between the top-down (LAR
Framework Document) and bottom-up (requirements baseline) viewpoints provided by each. The guiding
principles used in the development of the functional requirements baselines as described in Section 2.1.1
were also applied to the LAR Framework Document. In order to move the design concept forward, the
research effort coordinated the development of the LAR Framework Document and the functional
requirements baselines with Exelon as a research contributor to make design concept decisions. These
research decisions are also reflected in the requirements baselines and LAR Framework Document.
Appendix D captures the Research Decision Matrix that also supported the development of the LAR
Framework Document contained in Appendix C.

The LAR Framework Document describes the original system and the modernized system concepts,
providing a discussion of those items that are changed from the original licensed analog RPS, N4S, and
ECCS. The LAR Framework Document also describes the existing hybrid analog and digital RRCS and
the modernization of the SR RRCS into the NSR ATWS function (the diversity for the RPS) in the
context of the DAS functions in the NSR DCS, along with the selected portions of the N4S and ECCS
required for diversity, also installed as DAS functions in the NSR DCS.

The LAR Framework Document provides a vehicle for early communication of design concepts from the
utility to the platform vendor and to the reviewers at the NRC. Between text and pictures, the intent for
the LAR Framework Document is to explain the top-down systems in a holistic view to complement the
bottom-up view defined by the functional requirements baselines, which define the detailed requirements
for PPS and DAS function in the DCS.

The LAR Framework Document provided in this research report reflects the pre-vendor-selection state,
which is viewed as the most useful to assist a utility to make decisions about generic architecture and
vendor selection, as none of the vendor-specific decisions are incorporated in the document.
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Exelon has reviewed and provided comments on the LAR Framework Document. These comments were
reviewed and dispositioned as part of this research. The LAR Framework Document provided in Appendix
C captures the results of this effort.

3.5.2 Future Development and Use

In order to use the AR process in DI&C-1SG-06, one of the NRC’s prequalified platforms must be used.
The NRC process for approving platforms also uses DI&C-1SG-06 to evaluate the platform Licensing
Topical Report and supporting documentation generated by the platform vendor. The result of the process
is a SE Report defining the boundaries established by the NRC for the now prequalified platform and
open issues to be resolved by the utility in the design process that applies to the selected platform. The
open issues, referred to as either Plant Specific Action Items (PSAIS) or Application Specification Action
Items (ASAIs) have not been resolved in the LAR Framework Document, since a vendor had not been
chosen when this report was written.

The AR process assumes that the utility and selected vendor have completed the PPS Conceptual Design
and have proceeded far enough into the Software Requirements Specification to minimize the errors in
the Conceptual Design. The LAR Framework Document was written in part to provide top-down design
information to assist the utility and selected vendor in creating future conceptual designs for the SR PPS
and DAS functions in the NSR DCS that can be implemented, licensed, maintained, and surveillance
tested, while minimizing the scope of surveillance testing and calibration.

The LAR Framework Document (Appendix C) and the PPS functional requirements baseline (Appendix
A) provide a starting point for the PPS Conceptual Design, to be jointly developed by a utility and their
selected vendor. During the PPS Conceptual Design, information in the LAR Framework Document and
the PPS requirements baseline are intended to be collaboratively conformed to the selected vendor’s
platform by a tradeoff analysis to achieve the best aggregate solution, based upon maintaining safety
while providing improved performance as well as implementation and lifecycle cost reductions.
Modifications will be driven by the selected vendor and the finalized architecture, the vendor’s existing
application software program, the scope of the DAS, the interface between the SR platform vendor and
the DAS vendor, and final utility decisions. LAR Framework Document information will be extended by
incorporating vendor-specific detail and the traditional LAR content, which the LAR Framework
Document, provided herein, does not include. The LAR Framework Document thus provides a digital-
centric basis using DI&C-1SG-06 to build a licensable system as well as providing a top-down view of the
system to ensure that the utility, platform vendor, and Regulator all have a common picture of the PPS
and the DAS functions to be implemented on a NSR DCS.

Since responsibility for oversight of the vendor implementing the PPS is transferred to the utility by use
of the AR process in DI&C-1SG-06, the LAR Framework Document summarizes the expectations for the
utility’s SR VOP. The PPS VOP will be evaluated by the NRC and will be the basis for ensuring that the
vendor processes are implemented and that the resulting PPS is of high quality and as free of design errors
as possible. The VOP for the DAS function may be evaluated by the NRC. The utility should generate
and implement strong VOPs and processes to ensure that the vendor follows the plans, procedures,
processes, and instructions in the SE Report for the SR PPS and as accepted by the utility for the DAS
functions in the DCS.

Without a selected platform, many decisions could not be made and incorporated in the LAR Framework,
including any improvements or platform requirements provided by the selected vendor. In order to track
the locations of those needed decisions, a list of items that are To Be Determined (TBD) or To Be
Confirmed (TBC) with the selection of a vendor was added to the LAR Framework Document. Including
the TBD and TBC as identified locations, with an automatically generated table of contents for the
TBD/TBC items ensures that the items are identified and resolved prior to the submission of the
completed LAR to the NRC for acceptance review. The expectation is that the TBD/TBC entries and their
table of contents will be deleted after the items are resolved. In many cases the TBD/TBC entries will be
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addressed by reference to the selected vendor’s prequalified design documentation. The TBD/TBC list
also includes the utility’s required VOP for the PPS. The TBD/TBC list also includes the utility’s required
VOP for the DAS function vendor, which will include the implementing utility’s definition of the features
of an augmented quality software lifecycle.

3.6 Overview of the Safety-Related Technical Information Contained
in the LAR Framework Document

The vendor-independent LAR Framework Document provided in Appendix C is written at a level of
detail to satisfy the DI&C-ISG-06, Revision 2 AR process. Given the expectations of this guidance and
the scope of the envisioned SR upgrade, the LAR Framework Document is lengthy (approximately 250
pages). This section provides a summary of key design concept attributes of the envisioned replacement
systems and associated applications that will envelope the current functions of the RPS, N4S, ECCS, and
RRCS. Additionally, the LAR Framework Document describes advanced features that are made available
through the use of digital technology. This summary is provided as an aid to promote a more general
understanding of the top-down design technical information contained in Appendix C. Any potential
discrepancies between the information contained in this section as compared to Appendix C (or
Appendices A, B, and D by extension) is unintentional. If any discrepancies should be identified, the
information in the appendices is overriding.

3.6.1 Plant Protection System Architecture

The PPS design concept architecture is discussed in LAR Framework Document Sections 3.4.1 through
3.4.4. The modernized PPS as shown on the left side of Figure 2 below retains most of the enveloping
platform characteristics as the existing RPS, N4S, and ECCS systems. The existing RPS, N4S, and ECCS
system functions will become segmented applications running on the PPS. The modernized design
concept will retain the four channel architecture common to the RPS, N4S, and ECCS but replaces the
hardwired implementations of the analog trip units (i.e., channels) in the RPS, N4S, and ECCS with

four separate instantiations of the common PPS platform, implementing the separate, independent channel
functions. Each of the channels provides unidirectional serial data transfer to the four divisions over
redundant fiber optic cables. By design, independence is maintained between PPS channels as well as
between PPS divisions by having no communication links between the channels or between the divisions.
Similarly, channels do not provide engineering unit data to divisions, thus ensuring that application
programs in divisions use the vote data provided by channels. Like the existing system, electrical signal
isolation is maintained between all channels and all divisions. Physical separation is required by strict
separation of each of the four channels and by strict separation of each of the two divisions.

The modernized PPS design concept retains the two division architecture in the RPS and the four division
design in most of the N4S and ECCS. The divisions will also be separate, segmented, independent
applications/functions operating in separate instantiations of the PPS platform. Existing N4S and ECCS
requirements necessitate some customization to the generic two division architecture. Each division will
perform the RPS, N4S, and ECCS voting, operational bypass, and maintenance bypass functions in
separate, segmented applications. The existing scram, bypass, inhibit, permissive, and similar manual CR
capabilities will be included in the PPS functions. While manual controls required by regulation or
industry standard are retained, most of the existing manual controls are modernized to soft controls, and
all of the manual controls are duplicated as soft controls through the PPS and DAS function application
software.
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Figure 2. Plant Protection System Notional Architecture.

The DAS function’s architecture is discussed in LAR Framework Document Section 3.4.6. DAS
functions in this design concept will be hosted on a NSR DCS as shown on the right side of Figure 2. For
appropriate interface of the N4S and ECCS portions of the DAS function, an Equipment Interface Module
(EIM) is required. The EIM provides the priority logic defined in Digital Instrumentation and Controls
Interim Staff Guidance #04 (DI1&C-1SG-04), Revision 1, “Highly Integrated Control Rooms & Digital
Communication Systems” [Reference 6], Section 2, “Command Prioritization.” The logic in the EIM is
required to be sufficiently simple, subjected to equipment qualification tests, and completely testable, thus
avoiding issues with common cause failure (CCF). More summary detail on the DAS function’s
architecture is provided in Section 3.6.2 below.

The modernized HSI architecture design concept is discussed in LAR Framework Document Section
3.4.5. This architecture sets precedent in the nuclear industry. In the PPS System Architecture, the
standard HSI device is identified as a DKT (which provides display(s), a keyboard, and a trackball [or
touchscreen functionality]), To provide data to the operator, each channel and division provides data to
redundant PPS video generators (identified as DKT Interfaces), which are then connected using fiber
optic links to a SR switched network consisting of DKT Switches to drive DKTs. DKTs are used by
Operations staff in the CR and for Maintenance and Engineering staff when required in the Auxiliary
Equipment Room, where the logic solvers are installed.

PPS CR indication is provided on the DKTs, except in rare instances where a diverse distinct physical
display is required. The SR DKTs are connected to the SR DKT Interfaces through SR Switches to allow
the operators to connect any DKT to any digital plant system (e.g. the PPS, NSR DCS, or the corporate
business network, etc.) in such a way that no cross-talk between these digital plant systems is possible.
The DKTs also provide soft control capabilities for the watchstanding Reactor Operator. The DKTs also
provide navigation for the screens generated in separate DKT Interfaces assigned to channels and
divisions. Manual SR controls (physical switches and pushbuttons) are retained where necessary to meet
regulatory requirements. Most of the existing CR manual switches migrated to soft controls provided on
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the DKTs, which feed either PPS application logic or DAS application logic. More summary detail on the
HSI architecture is provided in Section 1 below.

A second path also exists for data display. Each PPS channel transmits engineering unit, status, and vote
input data to the DCS independently. Each PPS division also transmits status and actuation status data to
the DCS. This data can be used to replicate PPS displays on the DCS as well as to create additional
displays on the DCS using multiple channels and divisions of PPS data. The DCS also provides NSR
functions, including alarming, PPS interface to the annunciators, trending, long-term data storage, and the
comparison and recording of the PPS and DAS data to replace the operator’s manual channel checks.

By use of redundant fiber optic connections from channels to divisions, from channels to the DCS, from
divisions to the DCS, between single channels and DKT Switches, between single divisions and DKT
Switches, and between DKT Switches and DKTs, separation and isolation are maintained. By using fiber
optic links, issues with electrical isolation and EMC are reduced. By requiring compliance with
DI&C-ISG-04, Revision 1, Section 1, “Interdivisional Communications,” independence and messaging
reliability are assured. Redundancy is provided for reliability and availability, as well as providing a
means of ensuring that a failed transmitter or receiver does not reduce the PPS reliability. Redundancy
also provides additional protection against multiple bit errors, since bit errors are not likely to occur in
both redundant links simultaneously.

One major change incorporated in the PPS architecture deals with the voting scheme. The existing design
is shown in Figure 3 below, using the RPS as an example. In this figure, the outputs of the existing RPS
trip modules are shown as inputs to the two divisions. Any parameter in either channel within a division
and any parameter in either channel within the other division can together generate a scram.

AlTrip1

A2Trip 1 3 Backup Scram
A1 Trip 2 3 Air Headers
A2 Trip 2—>|
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Al Trip 3——> OR | S Four Control
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B2 Trip 2—>|
. Scrams to
B1Trip3 > OR | N Four Control
B2 Trip 3——| Rod Drive
... Trips 4-9 Groups

B1 NI Trip (2, 10-16) —>|
B2 NI Trip (2, 10-16)—>|
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Figure 3. Existing 58 Plant Scram Logic.

The plant parameters do not have to match in any way, and two single failures in separate channels can
generate a scram or a half scram. The existing RPS seventeen trip numbers, shown in Figure 3 for the
existing RPS, reference a list in the LAR Framework Document that is not repeated here. The only
significant change in the voting for any of these in the new design concept is to Trip 1, the manual scram
pushbuttons in the CR. With the change from relay logic to digital logic, the manual scram pushbuttons
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are now required to function independently of the PPS logic, such that a PPS software common cause
failure (SCCF) would not prevent the operator from initiating a scram.

Figure 4 below shows the modernized PPS voting scheme. In this figure, the digital PPS channel data is
shown as inputs to the two RPS divisions. The four votes from each input parameter are evaluated in the
two-out-of-four voter logic in each division. Any two-out-of-four condition causes a voter in each
division to initiate a scram in that division. Since both divisions receive the same information from the
channels and both divisions implement the same logic, this eliminates the condition in the existing RPS
where only one division can generate a half scram based upon inputs unique to that division. Also, if the
two channels in a single division in the current RPS detect a plant condition requiring a scram and no
channels in the other division detect the condition, the plant will only initiate a half scram. In the
modernized PPS, both divisions are provided with the information and both divisions appropriately
initiate a scram when required by the voting function.
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Figure 4. Modernized RPS Plant Scram Logic.

Each PPS channel within a PPS division is intended to consist of one or more (if necessary) totally
independent copies of the PPS standard platform. Portions of the PPS channels supporting the N4S and
ECCS are different, to accommaodate the provision of only two field sensors or a single train system (e.g.
HPCI and RCIC). Each PPS channel independently samples the required PPS channel-specific analog and
discrete inputs hardwired to that channel. Each PPS channel independently converts the analog inputs to
engineering units and compares the engineering units to the setpoint values for trip or actuations,
implementing the required bi-stable function with preset hysteresis. Each PPS channel has no
communication or knowledge of the actions or votes from the other three independent channels. Each PPS
channel will independently provide votes to scram or not scram or to actuate or not actuate for each input.
If multiple copies of the PPS platform are necessary to implement one channel’s functions, these separate
PPS platform instantiations within one independent PPS channel can communicate only within that
channel.

If multiple copies of the PPS platform are necessary to implement one division’s functions, these separate
instantiations within that division can communicate only within the same division.
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The existing RPS, N4S, and ECCS had many sets of four-way redundant transmitters on the same
instrument taps, calibrated with the same range, feeding identical trip units. To simplify the system and to
ensure that the PPS is working with a consistent set of process parameters, duplicate copies of multiple
sets of four-way redundant transmitters are eliminated, leaving one set of four-way redundant
transmitters, which will be used by all PPS functions. The complete LAR does not include transmitter
removal. Rather, the functional requirements baselines and LAR Framework Document merely document
which transmitters will be retained. A separate Design Change is anticipated to remove the surplus
transmitters and instrument tubing.

Figure 5 below shows a divisional view of the PPS, including the DAS function in the plantwide DCS and
signal interfaces from the SR field sensing elements to the NSR DAS function inputs. A bidirectional
arrow is shown between the two DAS segments to indicate that each samples two channels of
information, performs engineering unit conversions, performs bi-stable evaluations, and then shares the
channel’s votes to scram, not scram, actuate, not actuate, isolate, and not isolate through the
communication links between the two segments. This conceptual architecture mimics the design of the
PPS and RRCS functions being replaced. This architecture ensures that the DAS function in the DCS is
independent of the PPS, and thus PPS SCCF cannot adversely affect the operation of the DAS function in
the DCS. Similarly, SCCF in the DAS function in the NSR DCS cannot adversely affect operation of the
SR PPS.
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Figure 5. PPS and DAS/DCS Architecture.
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3.6.1.1 Research Decisions and Platform Attributes that Support Licensing

The following key platform attributes were adopted by this research to achieve maximum PPS technical
capabilities, while at the same time minimizing costs and regulatory risk. Some of these were driven by
the general nuclear industry regulatory environment, such as the advantage in leveraging a platform that
the NRC has already evaluated and accepted. Others are based on the existing LGS license, where Exelon
and LWRS researchers deliberately decided to minimize change to the design functions.

1. To support use of the AR process in DI&C-ISG-06 Revision 2, the implementing utility is required to
select one of the NRC prequalified SR platforms with a current NRC SE Report. The PPS design
concept makes use of prequalified platform abilities, including field sensor inputs, discrete outputs,
communication, and propagation. The design concept intends to remain within the borders established
by the latest revision of the selected vendor’s Licensing Topical Report and the NRC’s SE Report,
although the LAR Framework Document does have the potential to expand the boundaries. It is
expected that expanding these boundaries may require enabling additional features that are supported
by the vendor platforms but not necessarily covered by the associated NRC SE Report.

2. All communications are based on the precepts in DI&C-1SG-04 section on interdivisional
communication.

3. The overall PPS design concept retains the ability to perform all of the RPS, N4S, and ECCS safety
functions required by the existing license. The number of changes to functionality is small, as
summarized below:

a. The modernized PPS moved from the existing voting scheme to a voting scheme where
all available data is made available to all divisions. This new voting scheme is consistent
with first-echelon safety systems designs that have more recently been approved by the
NRC. This new voting scheme enhances plant operational performance while providing
same or better plant safety.

b. For the Residual Heat Removal function, the modernized system adds the ability for the
operator to request various NSR modes of RHR operations. By automating the functions
and interlocks under manual operator control, the research team concluded that the
automation eliminates various human performance errors, which had the potential to have
large safety consequences.

c. The addition of a manual SLCS inhibit capability in the CR reduces the potential for
human performance error during ATWS maintenance, causing an unintended injection of
SLCS. This capability is added based on several Operational Events where partial SLCS
injections were caused by human error.

4. One important licensing research decision was to reduce the number of identical sets of redundant
field sensors. In the existing design, a separate set of four sensors may be provided for the RPS,
another set for N4S, and multiple sets for ECCS. In the modernized design concept, one set of the
four channelized sensors is retained and used for all PPS functions, improving consistent PPS
operational performance ensuring that the PPS operates from consistent data, rather than from
multiple sets of what should have been the same data as provided by separate sensors measuring the
same physical process value. Surveillance testing is simplified and reduced by eliminating all but one
of the identical sets of four redundant transmitters and providing the data as PPS data. Eliminating the
unnecessary identical sets greatly reduces the surveillance test and calibration costs for the field
instrumentation.

5. Since all RPS, N4S, and ECCS field data are now PPS data, some of the common application logic is
combined, such that there is now only one set of logic determining if, for example, reactor water level
is beneath Level 2, instead of multiple copies, which allows for the concentration of design and
verification and validation (V&V) effort on a single set of bi-stables with hysteresis, rather than
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10.

11.

diluting design and V&V attention by implementing a large number of identical sets of logic,
differing only in the output point names assigned within the logic.

Most surveillance test requirements on the current RPS, N4S, and ECCS are expected to be
eliminated. This is based on a comparison of coverage of what would have been the surveillance test
requirements against the fault and failure diagnosis capabilities of the envisioned platform and
application software. Some platforms prequalified by the NRC have eliminated many surveillance
tests such as logic system functional tests and propagation time tests. The only remaining tests are
those that require field equipment to respond and thus cannot be demonstrated solely through the
logic solver. Elimination of surveillance tests will require additional licensing activity to potentially
include a Failure Modes, Effects, and Diagnostics Analysis (FMEDA) of the platform and analysis of
the coverage of the existing self-tests and self-diagnostics in the platform and any required supporting
platform applications against the faults and failures that would have been uncovered by traditional
surveillance tests.

While not uniquely a licensing requirement, the intent is to select a PPS platform and an HSI
switching solution with long-term support by the platform vendor and HSI switching solution vendor.
This avoids having to repeat this licensing process as necessary digital equipment obsolescence
management activities occur for the remaining life of the plant. A strong obsolescence program that
produces form, fit, and function replacement parts will provide a long-term solution for the PPS and
HSI switching solution that will avoid the need to repeatedly relicense the PPS or the HSI switching
solution, as long as the vendors’ solutions remain viable.

A modernization goal is to ultimately achieve a state where most plant 1&C functions are migrated to
either one SR platform or one NSR platform. The implementing utility will choose one of the
prequalified SR platforms for the PPS. While additional SR equipment will exist (e.g., the safety
related GEH NUMAC LPRM/APRM/OPRM, radiation monitors, HVAC, embedded digital in the
electrical power systems), this selected platform is intended to be the host for the safety systems,
including SR displays for Post Accident Monitoring data. The same considerations exist for the NSR
platform. This promotes the standardization and reduction in lifecycle support costs over time, while
reducing licensing risk by reducing the number of SR I&C systems.

The research team identified a NSR plantwide DCS as the platform on which to implement the DAS
function. This supports items #7 and #8 directly above while at the same time providing for a
solution, which can be shown to be licensable by the NRC. A DAS function is likely required, since
most prequalified platforms do not provide sufficient diversity to resolve SCCF regulatory concerns.
A D3 Analysis is to be performed in accordance with NUREG/CR-6303, “Method for Performing
Diversity and Defense-in-Depth Analyses of Reactor Protection Systems,” [Reference 7] and Branch
Technical Position 7-19, “Guidance for Evaluation of Diversity and Defense-in-Depth in Digital
Computer-Based Instrumentation and Control Systems,” [Reference 8] to determine which (if any)
functions from the N4S and ECCS must be duplicated in the DAS function running in the NSR DCS.
It is expected that the existing ATWS function provided in the SR RRCS will be migrated to the DCS
as part of the DAS function.

All SR to NSR isolators required for the DAS to function (including when RRCS ATWS functions
are migrated to the NSR DAS function) and for Sequence of Events (SOE) functionality are part of
the scope for the PPS and validated as part of PPS testing. This ensures the end-state PPS
configuration is fully defined as part of the PPS LAR.

The design concept provides all PPS and DAS data to the NSR DCS for display and archiving in a
data historian. This, along with the SR DKT architecture presented in Section 3.6.3, provides for a
flexible HSI solution for the CR that supports both interim states and the envisioned hybrid end-state
for the CR.
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12. Cross-comparison of data from all channels is useful to detect field sensors that are not operating
correctly, which has been done through manual channel checks performed by an operator periodically
(e.g., every shift). This function is useful to detect issues with field sensing or analog to digital
conversion in the logic solvers. The modernized system compares all data from all channels and
divisions, including data from the DAS function in the NSR DCS, and alarms on persistent
disagreements outside some individually selectable band, which is likely to be based on the accepted
calibration band for each sensed parameter. This further reduces surveillance requirements.

3.6.1.2 Challenges

It is recognized that some of the items listed in Section 3.6.1.1 challenge established regulatory precepts.
These were chosen tactically by the research team to provide the necessary lifecycle cost reductions to
support long-term nuclear plant economic viability, while not overly challenging the DI&C-ISG-06,
Revision 2, AR process. Some areas of potential licensing challenges, and how they were addressed, are
outlined below.

1. Prequalified platforms comply with modern regulatory guidance and IEEE standards. As an example,
LGS NPP is licensed to much older standards, which predate digital applications in NPP.
Demonstrating PPS compliance with both old and new standards would not be efficient. To address
this, changing the licensing basis for just the logic solver replacement (limited to the connections to
the existing field sensor, field actuator, and the logic solvers as described in the LAR Framework
Document) to new standards appears to be an appropriate path forward, as identified in this research.

2. Reducing the number of sets of redundant plant transmitters, licensed and installed as separate
sensing devices, may present challenges in the licensing domain. To address this, only identical
transmitters, calibrated to the same ranges and using the same calibration procedures, were targeted
for reduction by this research.

3. The basic design concept of the SR DKT architecture to support HSI in the CR and Auxiliary
Equipment Room as proposed may present challenges to the NRC 1&C reviewers, in that there are no
defined channel or division specific displays. Rather, the design concept allows for the sharing of all
displays among all video capable systems, whether SR, NSR, or business computing networks. To
preclude the NRC issues with non-safety related displays controlling SR equipment, all DKT
architecture to equipment displays are qualified SR as identified by this research. DKT architecture
communications are based on the precepts in DI&C-1SG-04. Location and information display will be
controlled administratively. The DKT Switch will be configured so that only DKTs located at the
Reactor Operator Workstation(s) can operate SR plant equipment.

4. Reduction in surveillance testing was a primary driver to reducing lifecycle costs. At the same time,
this reduction precludes many operator and maintenance errors which can negatively impact plant
performance. The PPS design concept will make use of the same design precepts as are being
evaluated by the NRC for Pressurized Water Reactors. Researchers concluded that the same precepts
are applicable to a BWR, with appropriate changes for the reactor technology and measured
parameters.

3.6.2 Non-Safety Related Diverse Actuation System Architecture

This research presupposes a scenario where a D3 analysis of the implementation of the NRC prequalified
platform shows that DAS functionality is required to address the potential for a CCF of the SR platform.
This research proposes that DAS functionality be implemented using a NSR DCS. A D3 Analysis is to be
performed to determine which (if any) functions from the N4S and ECCS must be duplicated in the DAS
function implemented in the NSR DCS. This research targets the existing ATWS function provided in the
SR RRCS for migration to the DCS as part of the DAS function.
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The complete DCS architecture is not described in Appendix C. Only those aspects of the DCS
architecture that directly affect the currently defined DAS function are provided, to provide only those
features that the authors view as key and essential for the DAS function.

All of the major industrial DCS vendors have similar features and capabilities, which are incorporated in
the DAS function in the DCS, shown in Figure 5 above. Multiple utilities have determined that several
DCS platforms provide an acceptable basis for implementing augmented quality NSR control functions,
including the provision of acceptable software tools and capabilities. The DCS platform will thus provide
an acceptable basis for building a DAS function requiring augmented quality.

For the DAS, two segmented controllers are provided. If the amount of application logic results in
insufficient spare capacity, additional pairs of segmented controllers are added. Each of the segmented
controllers supports two independent software functions (i.e., channel functions) that read the isolated
analog and discrete inputs, convert the analog inputs to engineering unit values, and perform independent
bi-stable functions against setpoint constants. The channel functions then provide their votes to not scram,
scram, actuate, or not actuate for each parameter to two separate controllers, each of which is the logical
equivalent of a PPS division. Each channel function provides data directly to both controllers through
normal DCS processes (i.e., named variables in memory). The divisions then implement algorithms that
provide the same function as in the PPS and output equivalent discrete signals to the EIMs or directly to
the field for the ATWS functions. If the HPCI and RCIC functions are provided in the DAS, methods are
provided to implement algorithms that provide the same function in the DAS as in the PPS to support
existing flow, new reactor water level, and new reactor pressure control. Methods will be provided for the
operator to control these DAS algorithms and control setpoint values.

3.6.2.1 Research Decisions and Platform Attributes that Support Licensing

The platform chosen for the plantwide NSR control and monitoring system is considered proven in-use
and selected for high reliability and availability. The following considerations provide a basis for the use
of the platform for control, monitoring, and DAS functions.

1. The DCS platform is accepted as a sufficient base on which to build augmented quality applications,
including the N4S and ECCS DAS functions and the ATWS function as part of the DAS.

2. The DCS provides a high integrity basis on which to build a complete, appropriately segregated
digital control system.

3. The DCS has a sufficiently broad set of analog and discrete inputs and outputs to support the control,
monitoring, and DAS functions.

4. The SR to NSR isolators provided by the PPS are of sufficient quality and accuracy to support the
DAS functions provided in the DCS.

5. The DCS provides DCS DKT Interfaces (video generators that are interfaced to the video, keyboard,
and trackball data streams) in a similar manner as the PPS DKT Interfaces. The DKT Switches and
DKTs are thus able to provide switched data access to the DCS as required by the CR operators.

6. The DCS electromagnetic compatibility (EMC) evaluation establishes that the DCS has sufficient
immunity and limited emissions for EMC concerns, sufficient to support an augmented quality
function.

7. The control and monitoring applications running on the DCS platform are segmented appropriately to
resolve regulatory concerns with SCCF.

8. The DCS platform supports the data historian, data display, trending, and similar functions required to
eliminate NSR strip chart recorders. This also allows for the elimination of strip chart recorders where
the instantaneous indication function is SR but the display and retention of trending data is not SR.
Limited trending is provided in the SR DKTSs.
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9. The DCS platform supports the acquisition of SOE and first-out data with millisecond accuracy,
allowing for the elimination of separate SOE recorder functions and the future elimination of CR
annunciator systems.

10. For the early detection of data collection issues in the PPS or DAS, the DCS collects data from the
PPS and DAS function and cross-compares what should be redundant sensors across PPS channels
and across the functions in the DAS. Any persistent errors that are greater than a configurable error
band, which could be based on the calibration limits of the individual sensors, generates an alarm or
notification (as appropriate) for resolution. This provides for the continuous detection of errors in
transmitters or analog to digital conversion.

3.6.2.2 Challenges

It is recognized that some of the items listed in Section 3.6.2.1 challenge established regulatory precepts.
These were chosen tactically by the research team to provide the necessary lifecycle cost reductions to
support long-term nuclear plant economic viability. Some areas of potential regulatory and technical
challenges and how they were addressed are outlined below.

1. Researchers selected a NSR plantwide DCS as the platform on which to implement the DAS function.
This is a novel approach for providing the DAS function. This supports the modernization goal to
ultimately achieve a state where most plant 1&C functions are migrated to either one SR platform or
one non-safety related platform. This goal supports reducing the number of independent 1&C
platforms while meeting regulatory requirements. This reduces acquisition and lifecycle costs
associated with maintaining a larger number of disparate 1&C platforms. The research decisions and
platform attributes to support licensing identified in Section 3.6.2.1 above are intended to provide a
solution that can be shown to be licensable by the NRC.

2. Inorder to validate that the PPS and DAS functions operate correctly together, the PPS and DCS
should be tested as an integrated whole before being installed in the plant. If integrated testing of the
PPS and DAS functions are not implemented as factory acceptance testing, overlap testing should be
performed to sufficiently demonstrate that the PPS, EIM, and DAS function in the DCS provide the
prioritized output functions. This testing is in addition to the independent testing for each system. It is
highly recommended that the utility hold one vendor responsible for implementing both the PPS and
the DAS function, since having two separate vendors has been demonstrated to result in “finger
pointing” when integration testing challenges arise rather than resolution.

3. The issues associated with installing the PPS in phases in different refueling outages are not
considered in this report. These are left to be addressed by the implementing utility.

3.6.3  Shared, Safety-Related Human-System Interface Architecture

The SR DKT architecture identified by this research provides for a flexible HSI solution for the CR that
supports both the interim states and the envisioned hybrid end-state for the CR. A minimal number of
manual switches for the PPS remain in the CR. The remaining manual hardwired PPS switches are
retained as diverse backups for the PPS itself and act directly on such functions as reactor scram,
disconnecting the power from the scram and backup scram valves. All other operator interactions use soft
controls on the video displays, using the DKT architecture shown in Figure 6.

The DKT HSiIs provide the operator with a display of all field parameters monitored by the PPS as well as
DCS screens, to include DAS function screens. The DKTs also provide selected status data for the
watchstanding operator, allowing the operator a more complete view of plant parameters than are
provided by the existing systems. The existing RPS only informs the operators that a scram or half scram
is in progress and provides field parameter data only if the operators dispatch personnel to go up to the
Auxiliary Equipment Room and verbally provide data from the analog trip units. The existing N4S and
ECCS supply more data to the CR but still require manual data actions to provide data from the analog
trip units in the Auxiliary Equipment Room.

23



Using the switched DKT approach for the primary CR HSI enables an incremental approach to a modern
CR. This approach supports the movement of functions within the CR by switching the DKT to a
different DKT Interface, repurposing individual DKTs as needed, rather than cutting and patching steel
CR cabinets to physically remove and reinstall HSIs in other locations. Other approaches are equally
acceptable, as long as the incremental capabilities of the switched DKT approach are incorporated.

Channel A, Channel B, Channel C, Channel D, Non-Safety
Division 1 Division 2 Division 3 Division 4 Related
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Figure 6. Proposed Display, Keyboard, and Trackball (DKT) Switch Architecture.
3.6.3.1 DKT Switched Architecture

As shown in Figure 6, the selected DKT architecture replaces most indicators and meters as well as most
manual operator switches with video displays and soft controls on those video displays. By eliminating
indicators and meters and reducing manual controls, the working portion of the CR is made more compact
and watchstanding operators can devote more attention to managing plant state and less to accessing and
mentally integrating data from disparate sources. When proper HFE techniques are applied, this reduces
operator workload and operator errors.

The DKT architecture provides flexibility by not tying a SR function to one location in the CR. Any SR
or NSR function can be accessed from any DKT in the CR, with the only restriction being that only DKTs
at the watchstanding Reactor Operator’s locations have the ability to issue commands to the application
logic in the PPS or DCS. This flexibility allows the operators to assign the BISI or Safety Parameter
Display System (SPDS) or any other function to any display in the CR, providing data where the data is
needed, which is not possible with the existing CR HSI. In the existing CR, during accidents or transients,
operators are stationed at various locations in the CR to verbally relay plant status data to the Operations
staff manning the CR. In some currently licensed modern nuclear plant CRs, fixed location SR displays
provide data from one channel and division, requiring four side-by-side fixed location displays to display
all data, along with additional redundant displays to meet the single failure criterion. In those CRs, failure
of any one of the fixed location SR displays requires the Operations staff to use a display in another, often
inconvenient location until the primary display can be replaced. In this CR, the operator can move to any
available DKT and continue with no significant impact on the operator’s work processes.

DKT Interfaces are redundant, such that the failure of any element of any one DKT Interface does not
deprive the CR of data or control capabilities associated with the device that suffered a single DKT
Interface failure. Each DKT Interface provides dual fiber optic connections to redundant DKT Switches.
The redundant DKT Switches support the hot-swapping of internal components should a module fail. To
maximize reliability and availability, power supplies and controllers within the DKT Switches are
redundant. Failure of either DKT Switch Power Supply is alarmed, but the DKT Switch continues to
operate. Failure of a DKT only requires the operator to select and use a different DKT. Failure of one of
the DKT fiber optic links to a DKT Switch only requires the operator to select the desired DKT Interface
again and the DKT communication routed to the other DKT Switch.
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The DKT system configuration is maintained in a separate module associated with each DKT Switch.
This module interfaces with its respective DKT Switch. The separate module provides the configuration
interface to the DKT Switch, separating the configuration management functions from the switching
software and thus simplifying the software in the DKT Switch. One function accomplished by the DKT
configuration module is to configure the DKTs so that only the Reactor Operator Workstation DKTs can
perform soft control functions.

3.6.3.2 Research Decisions and DKT Architecture Attributes that Support Licensing

The following research decisions and DKT architecture attributes were adopted to achieve a standard,
universal, and flexible HSI solution while minimizing costs and regulatory risk. This solution also
provides maximum flexibility to support multiple transition states driven by SR and NSR 1&C upgrades,
which will by necessity occur over an extended period of time.

Some of the items listed in Section 3.6.3.1 challenge established regulatory precepts. These were chosen
tactically by the research team to provide the solution described above while at the same time providing
necessary lifecycle cost reductions to support long-term nuclear plant economic viability. Some areas of
potential regulatory and technical challenges and how they were addressed are outlined below.

This design concept supports the above objectives in the following ways:

1. The DKT architecture is based upon available technology currently certified for use in a cyber-
security critical environment. This environment requires the capability to segregate classified data
between separate connected systems and to prevent any possibility of cross-talk between these
systems. Initial evaluations of one vendor’s specific technology indicate that their equipment can be
commercially dedicated for SR use.

a. Commercial Grade Dedication (CGD) will require evaluations of each of the software sets in
various separate devices, consisting of interfaces to the connected system (e.g. the PPS, the
NSR DCS, business network) switching in the DKT Switch, routing configuration, and
interfaces at the DKT. Software in the configuration module is considered a software tool and
evaluated as appropriate for use. As software designed to be acceptable to the United States
Department of Defense and intended for long-term maintainability by the vendor, the authors
do not foresee any more than the normal issues with CGD of non-trivial software-based
products.

b. The DKT architecture equipment must be qualified for the operational environment. Based on a
review of the evaluated vendor’s product, temperature, humidity, power quality, and
atmospheric pressure are not issues, as the product is designed as industrial equipment and will
be installed in temperature- and humidity-controlled rooms. The lower frequency seismic
waveforms may present challenges, based on the current qualification for military shock and
vibration. The EMC environment required by NRC Regulatory Guide 1.180, “Guidelines for
Evaluating Electromagnetic and Radio-Frequency Interference in Safety-Related
Instrumentation and Control Systems,” Revision 2 [Reference 9] is always a potential issue for
commercial equipment, since commercial equipment is designed for a normal industrial
environment, which typically has lower EMC stressors than listed in RG 1.180 Revision 2.

2. The proposed use of DKTs installs the devices in the CR and the Auxiliary Equipment Room above
the CR. The connections between the DKT Interfaces and the DKT Switch as well as between the
DKT Switch and the DKTs are over fiber optic cables that are routed within the confines of the CR
and the Auxiliary Equipment Room. The DKTs do not have the ability to reprogram the PPS or DCS.
The DKTs do not have the ability to overload the logic solvers with messages, since the DKT
Interfaces and the video generators to which the DKT Interfaces are installed provide a second layer
of message buffering as required by IEEE Standard 7-4.3.2, “IEEE Standard Criteria for Digital
Computers in Safety Systems of Nuclear Power Generating Stations” [Reference 10]. The PPS
provides the initial layer of message buffering in the fiber optic transmit and receive modules.
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10.

11.

12.

All DKT architecture communications are based on the precepts in the United States Nuclear
Regulatory Commission DI&C-ISG-04. There is no potential for the postulated failures that drove
DI&C-ISG-04 to place restrictions on NSR multidivisional displays, since this architecture provides
SR equipment and each DKT can only interface with one operator-selected channel/division at any
time. An evaluation of the specific vendor technology referenced above indicates that that the DKT
architecture can be shown to comply with the DI&C-1SG-04 concerns identified for multidivisional
displays. The reviewed vendor’s product had been tested to demonstrate that the cross-talk between
switched connections was sufficiently low to support the use of the equipment for code word
segregation of classified data, which exceeds any NRC requirement for cross-talk within equipment.

The attributes described in Item #3 directly above also address cyber security for the DKT
architecture. While a gap analysis with the cyber-security requirements of 10 CFR 73.54, “Protection
of digital computer and communication systems and networks” [Reference 11] will need to be
performed, it is expected that the number of gaps identified will be limited.

The DKT Interfaces, DKT Switches, and DKTs provide no data storage or means to issue commands
to multiple divisions. The DKTs will provide only keyboard data and trackball data back to the DKT
Interfaces. DKTs will not be purchased to support flash or thumb drives. This supports addressing
both DI&C-1SG-04 communication concerns and 10 CFR 73.54 cyber-security concerns.

All connections are made on dual fiber optic links, with video data sent from DKT Interfaces through
the DKT Switches to the DKTs and data from the keyboard, trackball, or touch screen sent back
through the DKT Switch to the DKT Interface. All communication links provide electrical isolation.

Using a standard, universal, and flexible HSI solution will support a holistic Human Factors
Engineering effort for the CR consistent with the implementation of a graded approach as described
in NUREG-0711, “Human Factors Engineering Program Review Model” [Reference 12]. Following
such an approach, interim CR modifications can be more cumulative in nature, rather than requiring
rework when transitioning between interim states.

Any display can be set by the operators to show any data from any system.

Only Reactor Operators are “at the controls.” The LAR Framework Document requires use of an
allowable connections table within each DKT Switch. The DKT Switches are configured to only
allow connections between the Reactor Operator DKTs and DKT Interfaces that possess a soft control
capability. All other DKTs in either the CR or the Auxiliary Equipment Room are not allowed to
connect to the DKT Interfaces that support soft controls. Of course, all DKTs support on-screen
navigation for indication only.

Since any DKT can be set to show data from any system, the Operations staff can select the data
needed to perform their intended action where the action is to be performed, rather than needing to
verbalize data during normal and accident conditions with the existing system data displays widely
dispersed and mostly not within the Senior Reactor Operator’s vision. With data provided on both SR
and NSR graphics, all users can see the data and status of the PPS functions, including the SRO, RO,
Emergency Preparedness staff, and the Shift Technical Advisor

The SR DKTs implement the SR Post Accident Monitoring System (PAMS) display function, as the
SR DKTs provide those parameters from the PPS. This eliminates the need for standalone PAMS
devices in a way that is licensable while supporting lifecycle cost reductions. To ensure a diverse
PAMS backup exists in case of a PPS SCCF, all DAS function data on the NSR DCS is separately
available for display on the DKTs.

The BISI for SR systems can be displayed on any DKT and will be continuously visible based on an
administrative requirement for the operators to ensure that one or more displays is set to the BISI
graphic.
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4. Requirements Baseline and License Amendment Framework
Document Use

Utilities intending to perform BWR SR 1&C upgrades and associated Diverse Actuation System (DAS)
installations should tailor the vendor-independent functional requirements baselines and LAR Framework
Document produced by this research for use on their particular BWR units. The utilities could then
provide these documents to their selected vendor(s) as a starting point for the collaborative development
of SR digital 1&C requirements, leveraging a design based upon a SR platform prequalified by the NRC
and a NSR DAS. A utility and their selected vendor should refine the requirements baselines and LAR
Framework Document provided herein collaboratively, to conform them to a utility’s specific needs for a
particular unit and the capabilities of the selected vendor’s product lines. Use of a NRC prequalified
platform for the SR digital 1&C design enables the use of the DI&C-1SG-06, Revision 2 AR process.

There are two pathways that are expected to be followed when doing this. Each is outlined below.

4.1 First Utility Use

Exelon Generation is pursuing first-echelon SR upgrades at LGS as a first adopter of the revised DI&C-
ISG-06, Revision 2 AR process. Because of this and their participation in this research to date, the vendor-
independent requirements baselines (Appendices A and B), LAR Framework Document (Appendix C), and
the associated Research Decision Matrix (Appendix D) are already tailored to the LGS.

The LAR Framework Document presupposes the need to provide a NSR DAS function on a DCS to address
the potential for a CCF of the PPS platform. Whether a DAS is needed at LGS will be independently
determined by Exelon through the completion of a D3 analysis of the new LGS PPS platform design. If it is
determined separately by Exelon that a DAS is necessary, DAS functionality would likely need to address
the concurrent loss of RPS, N4S, and ECCS functions on the PPS platform. To address this potential need,
the LAR Framework Document discusses an eventual transition of ATWS functionality to the DAS
(resolving RRCS obsolescence), along with addressing the potential need for N4S and ECCS related DAS
functionality. Since the current RRCS at LGS provides ATWS functionality to protect against RPS CCF,
Exelon may choose to only implement N4S and ECCS related DAS functionality (if needed) in their PPS
until such time as they replace the RRCS at LGS. If it is determined that a DAS is not necessary as part of
the envisioned SR 1&C upgrade at LGS, the portions of Appendices A —C that discuss it will not be
applicable.

An objective of this research is to enable Exelon to leverage a subset of the functional requirements baseline
document information in Appendix A that envelopes the PPS scope, along with LAR baseline document
and Research Decision Matrix information in Appendices C and D, respectively, to engage potential
vendors to supply their replacement PPS and associated DAS (if needed). As these documents are vendor-
independent by nature, Exelon will need to consider the capabilities of the vendor’s prequalified platform to
provide the functionality Exelon desires in their selection process.

After the PPS vendor selection, Exelon and their vendor can continue to leverage the research products as
described above in a collaborative engineering effort to adapt and conform those products with the
capabilities of the selected vendor platform(s) and LGS needs. This will result in unit- and vendor-specific
PPS and DAS functional requirements documents. It will also support generation of a unit- and vendor-
specific LAR for submittal to the NRC for approval under the DI&C-ISG-06, Revision 2 AR process.

4.2 Subsequent Utility Implementers

It is envisioned that subsequent utility implementers interested in performing first-echelon SR upgrades
on their BWR’s will follow a process similar to that followed by Exelon LGS. Appendices A through D
are intended to provide a starting point for their efforts. In their case, a unit-specific evaluation and
revision will need to be performed on the data provided in Appendices A through D to address unit-
specific differences and utility-specific goals and objectives. Subsequent utility implementers may
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determine, for example, that research decisions as captured in Appendix D are not supportive of their
particular situation. Results of this evaluation will need to be reflected in changes to Appendices A
through D, as appropriate. Once this is completed, the vendor and regulatory engagement process would
be similar.

Additionally, subsequent utility implementers could, with Exelon’s cooperation, benchmark the Exelon
effort and leverage the results of that effort, along with the research products contained herein, to best
tailor them to achieve their objectives.
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1.0 Introduction
1.1. Purpose

This document identifies vendor-independent Plant Protection System (PPS) safety related (SR)
digital platform functional requirements and associated functional requirements for applications
that are to be hosted on the PPS. These baseline Boiling Water Reactor (BWR) instrumentation
and control (1&C) functional requirements have been developed as a tool for the nuclear industry
to engage vendors in a collaborative effort to conform them with the needs of a particular unit
and with the capabilities of the selected vendor’s product line.

To provide a firm foundation for this requirements baseline, a particular nuclear plant was
selected as a reference for this effort. With the cooperation and support of Exelon Generation,
the Limerick Generating Station Units 1 and 2 (LGS) was chosen as the reference plant for this
effort. Because of this, the information in this document is tailored to the LGS plant design and
reflects design decisions made by the Exelon design team to achieve objectives associated with
their digital transformation plans. Exelon is using these baseline requirements as part of a pilot
effort to perform first echelon SR 1&C upgrades at LGS.

When used by other utilities, the baseline requirements provided herein need to be adapted to
conform to that utility’s particular unit design, the equipment capabilities of that utility’s selected
vendor’s equipment, and to that utility’s particular 1&C digitalization strategy.

1.2. Background

The designs of the existing BWR SR systems are based on analog and relay component
technology that are obsolete and becoming difficult to maintain. In order to address this concern,
a solution that supports an overall digital transformation strategy is being pursued. The objective
within this document is to provide the framework for an initial migration of select SR systems to
a common digital platform, which establishes a prescriptive and cost-effective approach that can
support similar future endeavors.

1.3. Description of Scope

1.3.1. The scope of this specification encompasses the following SR systems at each of the LGS
units, Unit 1 and Unit 2:

e Reactor Protection System (RPS)
e Nuclear Steam Supply Shutoff System (N4S)
e Emergency Core Cooling Systems (ECCS)
— Core Spray (CS)
— High Pressure Coolant Injection (HPCI)
— Reactor Core Isolation Cooling (RCIC)
— Low Pressure Coolant Injection System (LPCI) mode of Residual Heat
Removal (RHR)
— Automatic Depressurization System (ADS)
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1.3.2.

1.3.3.

1.3.4.

1.3.5.

1.3.6.

1.3.7.

1.4.

1.4.1.

ECCS represents the “family” of systems that provide core cooling. ECCS is not an
individual system

This document provides the design, functional and performance requirements for the
instrumentation and control (1&C) functionality that represents, to the extent practical,
the licensing and design basis of the original systems.

Existing field sensors (that provide inputs to the SR system) and actuated devices (that
receive outputs from the SR system) will remain unchanged for purposes of this
document. Therefore, the requirements identified are focused on that portion of the
original SR systems that support the protection and control logic functionality.
Elimination of any Single Component Vulnerability (SCV) is dependent on the specific
cost benefit analysis for eliminating such a SCV. While the elimination of SCVs is
always desirable, eliminating SCVs in field sensors and actuated devices is beyond the
scope of these functional requirements. Accordingly, SCVs in field sensors and actuated
devices would be uniquely addressed as part of the design change process associated with
each system migration to the common platform.

This document also identifies requirements that define the unique features and
capabilities for the digital architecture that is to be employed as the common platform.
The common platform supporsts further expansion to support future safety related
applications.

The control logic and functionality associated with each of the individual systems listed
in Section 1.3.1 shall reside as applications on a single common digital platform defined
as the PPS. To that end, the original “systems” shall be termed SR functions within this
PPS.

The functionality of the existing SR functions migrated to the PPS will replicate to the
extent possible the original systems at LGS, but with additional enhancements that can be
leveraged using the capabilities and features of the digital architecture.

The requirements for the PPS have been developed with a goal of reducing
instrumentation, eliminating physical switches, indicators, and recorders (to the extent
possible), and reducing/eliminating tech spec surveillances, calibration checks, loop
calibrations, etc.

Approach / Concept

By using a single digital platform to support all SR functions, the design can significantly
reduce the number of duplicate transmitters for monitored plant variables that are
currently provided for the existing SR systems. The objective is to establish a minimum
population of monitored parameters that can be shared by each of the SR functions on the
PPS. The PPS concept leverages a two division / four channel arrangement that utilizes a
2 out of 4 (2004) voting scheme for each of the SR functions, to the extent practical.

Figure 1-1 provides a representation of this logic arrangement.
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1.5. Definitions

15.1.

ECCS Response Time: The time interval for the instrumentation & control (I1&C) portion

of the system to fulfill its protective function. This begins with the receipt of an input
signal at the input to the ECCS and ends with the ECCS generation of an output signal to

an end device to perform its function.

1.5.2.

N4S Response Time: The time interval for the instrumentation & control (1&C) portion

of the system to fulfill its protective function. This begins with the receipt of an input
signal at the input to the N4S and ends with the N4S generation of an output signal to an

end device to perform its function.

1.5.8.
protection functions and subfunctions

1.54.

Plant Protection System: The single common SR digital platform on which the SR

shall exist as applications.

Reactor Protection System Response Time: The time interval for the 1&C portion of the

system to fulfill its protective function. This begins when the RPS input exceeds its trip
setpoint at the channel sensor and ends with the RPS de-energization of the scram pilot

valve solenoids.
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1.5.5. SR protection subfunctions: Functions which replicate those provided by the LGS
original SR systems (CS, HPCI, RCIC, RHR, ADS)

1.5.6. SR protection functions: Functions which replicate those provided by the LGS original
SR systems (RPS, ECCS and N4S)

1.5.7. SR Systems: Systems that provide actions necessary to ensure safe shutdown, protect the
integrity of radioactive material barriers, or prevent the release of radioactive material in
excess of allowable limits. These safety-related systems may consist of components,
groups of components, systems, or groups of systems.

1.6. Acronyms and Abbreviations

Term Definition for this document
lool One-out-of-one (voting)

loo2 One-out-of-two (voting)

2002 Two-out-of-two (voting)

2003 Two-out-of-three (voting)

2004 Two-out-of-four (voting)

ADS Automatic Depressurization System
AER Auxiliary Equipment Room
APRM Average Power Range Monitor
CFR Code of Federal Regulations

CS Core Spray

CSsC Containment Spray Cooling
ECCS Emergency Core Cooling System
D3 Defense-in-Depth and Diversity
DAS Diverse Actuation System (function in the DCS)
DCS Distributed Control System

DST Daylight Savings Time

ECCS Emergency Core Cooling System
EIM Equipment Interface Modules
EWS Engineering Work Station

FR Functional Requirements

FRU Field Replaceable Units
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Term Definition for this document

FTP File Transfer Protocol

GDC General Design Criteria

HMI Human-Machine Interface

HPCI High Pressure Coolant Injection
HVAC Heating, Ventilating, and Air Conditioning
1&C Instrumentation & Controls

I/0 Inputs and Outputs

IT Information Technology

KVM Keyboard-Video-Mouse

LGS Limerick Generating Station

LOCA Loss of Coolant Accident

MCR Main Control Room

MSIV Main Steam Isolation Valve

N4S Nuclear Steam Supply Shutoff System
NRC Nuclear Regulatory Commission

NSR Non-Safety Related

OPRM Oscillation Power Range Monitor

PPS Plant Protection System

RCIC Reactor Core Isolation Cooling

RCPB Reactor Coolant Pressure Boundary
RHR Residual Heat Removal

RPS Reactor Protection System

SCV Single Component Vulnerability

SDC Shutdown Cooling

SDOE Secure Development and Operational Environment
SOE Sequence of Events

SPC Suppression Pool Cooling

SR Safety Related

SRM Source Range Monitor
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Term Definition for this document

SRO Senior Reactor Operator

SSC Systems, Structures and Components
TIC Thermocouple

TCP Transmission Control Protocol

UDP User Datagram Protocol

UFSAR Updated Final Safety Analysis Report
V&V Verification and Validation

VDU Visual Display Unit

2.0 System Description and Criteria

2.1. General Description

2.1.1. LGS is located on the east bank of the Schuylkill River in Limerick Township of
Montgomery County, Pennsylvania, approximately 4 river miles downriver from
Pottstown, 35 river miles upriver from Philadelphia, and 49 river miles above the
confluence of the Schuylkill with the Delaware River. Each of the LGS units employs a
GE BWR originally designed and licensed to operate at a rated core thermal power of
3293 MWt (100% steam flow) with a corresponding gross electrical output of
1092 MWe. The Units were rerated to a power output of 3458 MWt and a subsequent
power uprate through measurement uncertainty recapture (MUR) to 3515 MWi.

2.2. General Design Criteria

2.2.1. The LGS design conforms to the requirements given in 10 CFR 50, Appendix A,
"General Design Criteria for Nuclear Power Plants."”

2.2.2. The plant is designed to limit the release of radioactive materials to the environment
within the limits and guideline values of applicable government regulations pertaining to
the release of radioactive materials for normal operations, and for abnormal transients
and accidents. Safety-related systems are designed to permit safe plant operation and to
accommodate postulated accidents without endangering the health and safety of the
public.

2.3. Safety Related Systems Description

2.3.1. General

Safety related systems provide actions necessary to assure safe shutdown, to protect the
integrity of radioactive material barriers, and/or to prevent the release of radioactive
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2.3.2.

2.3.3.

2.3.4.

2.3.5.

2351

2352

2.3.5.3

2354

material in excess of allowable dose limits. These systems can be components, groups of
components, systems, or groups of systems.

Plant Protection System

The PPS is a safety related digital platform that will execute the protective and control
functions for the SR systems identified in Sections 2.3.3 through 2.3.5.5. The control and
logic functionality of these SR systems exists on the PPS as individual applications.

Reactor Protection System

The RPS initiates an automatic reactor shutdown by insertion of all control rods (scram)
if monitored system variables exceed pre-established limits. This action is taken in time
to prevent fuel damage and limits system pressure, thus restricting the release of
radioactive material. The RPS overrides all operator actions and process controls.

Nuclear Steam Supply Shutoff System

The NA4S initiates closure of various automatic isolation valves if monitored system
variables exceed pre-established limits. This action limits the loss of coolant from the
Reactor Coolant Pressure Boundary (RCPB) and the release of radioactive materials from
the RCPB, the primary containment, and the reactor enclosure.

Emergency Core Cooling Systems

The ECCS is comprised of independent core standby cooling systems that maintain fuel
clad temperatures below the limits of 10 CFR 50.46 in the event of a breach in the RCPB
that results in a loss of reactor coolant.

High Pressure Coolant Injection System

The HPCI system provides and maintains an adequate coolant inventory inside the
reactor vessel to limit fuel clad temperatures as a result of postulated small breaks in
the RCPB.

Automatic Depressurization System

The ADS acts to rapidly reduce reactor vessel pressure in a LOCA situation in which
the HPCI system fails to maintain reactor vessel water level.

Core Spray System
The CS system provides the capability to cool the fuel by spraying water on the core.

Residual Heat Removal System (LPCI Mode)

The RHR System is designed to provide heat removal functions for cooling the
reactor core and containment during normal plant conditions and postulated accident
conditions and to assist cooling the spent fuel pool during refueling. It is designed to
permit the low pressure injection of RHR Service Water to the reactor and/or
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2.4.
2.4.1.

2411

24.1.2

24.1.3

2414

2415

3.0

Containment. The RHR System is able to permit the transfer of suppression pool
water to the Radwaste System and the sampling of pumped water.

Reactor Core Isolation Cooling System

The RCIC system provides makeup water to the reactor vessel whenever the vessel is
isolated from the main condenser and feedwater system.

Safety Related Systems Criteria
General

Safety systems act in response to abnormal operational transients so that fuel cladding
retains its integrity as a radioactive material barrier to keep any failures within
acceptable limits. Safety systems in one unit are totally separate and independent
from, and in no way depend on, the safety systems in the other unit.

Safety systems and Engineered Safety Features (ESF) act to ensure that no damage to
the nuclear system process barrier results from internal pressures caused by abnormal
operational transients or accidents. The ECCS and N4S are the LGS ESF systems.

Safety systems and ESF act to prevent radioactive material released from the
containment volumes from exceeding the guideline values of applicable regulations.

Where specific, precise actions are immediately required in response to accidents,
these actions are automatic and require no decision or manipulation of controls by
operations personnel.

Essential safety actions are carried out by equipment of sufficient redundancy and
independence so that no single failure of active components, together with any
undetectable failures that might exist in the system’s design, prevents the required
actions.

Safety Related System Requirements

The identification of the applicable design and functional requirements for the SR
systems to be migrated to the digital platforms begins with a review of relevant
documents. The types of documents reviewed included, but were not limited to, the
Updated Final Safety Analysis Report (UFSAR), plant drawings, plant procedures,
Design Basis Documents (DBDs), specifications, calculations, and system descriptions.
Section 5 identifies the list of LGS documentation used in the development of the
respective design and functional requirements for the systems. The documents are
separately identified throughout the requirements listed in the accompanying appendices.

The requirements for the I1&C portions of the system that describe the system
functionality are listed as functional requirements in the appendices. The functional
requirements incorporate elements that reflect design constraints, physical constraints,
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licensing commitments, system interfaces, system boundaries, control philosophy,
controlling parameters, etc.

Each of the systems is separately discussed in a section that follows. Each section
includes a high level description of the primary function(s) for the respective system.
Each system includes additional subsections that are explained as follows:

3.X.1 Interface Requirements: Presents the logical and physical interfaces between
the particular system presented in the subsection with other systems, platforms, etc.
The developed functional requirements in the appendices account for these interfaces.

3.X.2 Design Requirements: Presents the requirements that establish the licensing and
design basis for the existing system that have been incorporated into various codes,
criteria and regulatory requirements. For the instrumentation and control portions of
the systems, the regulatory guides, 10 CFR 50 Appendix A “General Design Criteria”
(GDC), and industry codes and standards that are applicable are listed in the
respective design requirements section of the appendices. These design requirements
will be required to be addressed when the particular application is migrated to the
PPS.

3.X.3 Performance Requirements: Presents the performance requirements associated
with the 1&C portion of the system that are required to be fulfilled when the particular
application is migrated to the PPS. These are listed in the respective design
requirements section of the appendices.

3.X.4 Functional Requirements: The requirements for the 1&C portions of the system
that demonstrate how the system functionality meets the design requirements are
listed as functional requirements in the appendices. The functional requirements
incorporate elements that reflect design constraints, physical constraints, licensing
commitments, system interfaces, system boundaries, control philosophy, and
controlling parameters.

3.1. Reactor Protection System

The primary function of the RPS is to initiate rapid insertion of the control rods (scram) in order
to:

e Prevent or limit fuel damage following abnormal operational transients;

e Prevent damage to the Reactor Coolant Pressure Boundary (RCPB) as a result of
excessive internal pressure; and

e Limit the uncontrolled release of radioactive materials from the fuel assembly or RCPB.

The RPS provides this function by monitoring certain plant parameters and, if one or more
parameters exceeds a specified limit, power is removed from the scram pilot valve solenoids in
the Control Rod Drive (CRD) System which, when de-energized, exhaust air from the scram
valves causing the control rods to scram. As the scram pilot valves are being de-energized,
power is applied to the back-up scram valves which also provide an exhaust path for the air
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operated scram valves and to the Shutdown Volume Isolation valves, which ensures that reactor
coolant exhausted from the control rod scram is captured in the Shutdown Volume.

The functionality of the RPS resides on the PPS as an application.
3.1.1. Interface Requirements

The RPS function will have protection and control logic interfaces with the following
PPS functions or external systems:

PPS Functions

N4S

External Systems

120VAC System

Class 1E 125VDC System
Neutron Monitoring System

Reactor Recirculation System

Control Rod Drive System

Reactor Instrumentation System

Main Steam, Turbine, and Extraction Steam Systems
Radiation Monitoring System

Nuclear Boiler System

Feedwater System

DCS Platform

3.1.2. Design Requirements

Design requirements for the RPS include regulatory, industry, and project defined
requirements. These are identified in Appendix A.1. The design requirements are
identified by a RPS-DR-XX designation.

3.1.3. Performance Requirements
3.1.3.1 RPS Response Time

The response time from the change of state of a sensor input contact or an analog
signal for a monitored parameter exceeding a setpoint at the input to the RPS, to and
including RPS opening of the contacts on the main trip actuators (scram contactors) is
less than 50 milliseconds.

Basis: LGS Design Input (Reference 5.5.13)
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3.1.4. Functional Requirements

The functional requirements define the protection and control philosophy required to
fulfill the RPS function. These are identified in Appendix A.2. The functional
requirements are identified by a RPS-FR-XX designation.

3.2.  Nuclear Steam Supply Shutoff System
The primary function of the N4S is to:

e Isolate the Reactor Pressure Vessel (RPV);
e Isolate the Primary Containment; and
e Leak Detection.

The N4S provides this function by monitoring certain plant parameters that indicate a fluid loss
or high leakage from the Reactor Coolant Pressure Boundary and initiating automatic closure of
redundant isolation valves in piping that penetrates the Primary Containment or Balance of Plant
(BOP) systems that provide potential paths for the release of radioactive materials as well as
initiating system operational interlocks.

The functionality of the N4S resides on the PPS as an application.
3.2.1. Interface Requirements

The N4S function will have protection and control logic interfaces with the following
PPS functions or external systems:

PPS Functions

RPS

RHR

RCIC

HPCI

External Systems

120VAC System

Class 1E 125VDC System
Neutron Monitoring System

Reactor Recirculation System

Reactor Water Cleanup System
Radwaste System

Instrument Air and Nitrogen Systems
Primary Containment Auxiliary Systems
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3.2.2.

3.2.3.

3.23.1

3.2.4.

3.3.

Hydrogen Recombiner System
Suppression Pool Cleanup System
Standby Gas Treatment System

Reactor Enclosure Recirculation System
Reactor Enclosure Cooling Water System
Chilled Water System

OffGas System

Standby Liquid Control System
Radiation Monitoring System

Nuclear Boiler System

DCS Platform

Design Requirements

Design requirements for the N4S include regulatory, industry, and project defined
requirements. These are identified in Appendix B.1. The design requirements are
identified by a N4S-DR-XX designation.

Performance Requirements
N4S Response Time

The N4S signal input to actuation output propagation time is less than 50
milliseconds.

Basis: LGS Design Input (Reference 5.5.13)
Functional Requirements

The functional requirements define the protection and control philosophy required to
fulfill the primary function of the N4S. These are identified in Appendix B.2. The
functional requirements are identified by a N4S-FR-XX designation.

High Pressure Coolant Injection System

The primary function of HPCI is to:

Provide coolant to the reactor vessel following a Small Break LOCA to meet

10 CFR 50.46 requirements until reactor vessel pressure is below the pressure at which
CS operation or LPCI mode of the RHR system operation maintains core cooling.
Provide sufficient coolant to the reactor vessel to prevent the actuation of the Automatic
Depressurization System (ADS) and maintain the reactor water level above the top of the
reactor core in the event of a small pipe break with a break size of one-inch diameter or
less.
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The HPCI provides this function by monitoring certain plant parameters that indicate a small
break LOCA, and initiating the startup of a steam driven turbine pump and alignment of valves
to support a water flow injection pathway to the reactor vessel.

The functionality of the HPCI resides on the PPS as an application.
3.3.1. Interface Requirements

The HPCI function will have protection and control logic interfaces with the following
PPS functions or external systems:

PPS Functions

CS

N4S

RCIC

External Systems

120VAC System

Class 1E 125VDC System

Reactor Enclosure Heating, Ventilating, and Air Conditioning (HVAC) System
DCS Platform

3.3.2. Design Requirements

Design requirements for the HPCI include regulatory, industry and project defined
requirements. These are identified in Appendix C.1. The design requirements are
identified by a HPCI-DR-XX designation.

3.3.3. Performance Requirements
3.3.3.1 HPCI Response Time

The HPCI signal input to actuation output propagation time is less than 100
milliseconds.

Basis: LGS Design Input (Reference 5.5.13)
3.3.4. Functional Requirements

The functional requirements define the protection and control philosophy required to
fulfill the primary function of the HPCI. These are identified in Appendix C.2. The
functional requirements are identified by a HPCI-FR-XX designation.
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3.4.

Automatic Depressurization System

The primary function of ADS is to:

Automatically actuate five ADS SRVs to depressurize the reactor vessel, which allows
the RHR System LPCI mode of operation and/or CS System to provide low pressure
reactor coolant makeup in the event the HPCI System and/or RCIC System fail to
perform their safety functions.

The ADS provides this function by monitoring certain plant parameters and actuating the SRVs.

The functionality of the ADS shall reside on the PPS as an application.

3.4.1.

3.4.2.

3.4.3.

3.4.3.1

Interface Requirements

The ADS function will have protection and control logic interfaces with the following
PPS functions or external systems:

PPS Functions

CS

RHR

External Systems
120VAC System

Class 1E 125VDC System
Nuclear Boiler System
DCS Platform

Design Requirements

Design requirements for the ADS include regulatory, industry and project defined
requirements. These are identified in Appendix D.1. The design requirements are
identified by an ADS-DR-XX designation.

Performance Requirements
ADS Response Time

The ADS signal input to actuation output propagation time is less than 100
milliseconds.

Basis: LGS Design Input (Reference 5.5.13)
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3.4.3.2 ADS Actuation Time Delay

A maximum allowable ADS time delay of 117 seconds is established for actuation of
ADS upon receipt of all required system initiation signals at the input to the PPS.
The time delay is long enough to allow the HPCI system to operate yet not so long
that the RHR System LPCI mode and CS System are unable to adequately cool the
core if the HPCI System fails to start.

Basis: Technical Specification Table 3.3.3-2
3.4.3.3 High Drywell Pressure Bypass Timer

The maximum allowable time before bypass of the High Drywell Pressure input
occurs is 450 seconds. This time delay provides sufficient time for the operator to
inhibit the automatic depressurization if Control Room information indicates that the
signal is false or ADS is not needed.

Basis: Technical Specification Table 3.3.3-2
3.4.4. Functional Requirements

The functional requirements define the protection and control philosophy required to
fulfill the primary function of the ADS. These are identified in Appendix D.2. The
functional requirements are identified by an ADS-FR-XX designation.

3.5. Core Spray System
The primary function of CS is to:

e Provide a redundant means for removal of decay heat from the core following a
postulated LOCA to meet the requirements of 10CFR50.46

e Provides a means for flooding the Reactor Vessel to remove decay heat from the core to
support alternate shutdown cooling

The CS provides this function by monitoring certain plant parameters and initiating the start of
pumps and aligning valves for water injection pathways. The CS also sends initiation signals to
other ECCS subfunctions.

The functionality of the CS shall reside on the PPS as an application.
3.5.1. Interface Requirements

The CS function will have protection and control logic interfaces with the following PPS
functions or external systems:

PPS Functions
ADS
RHR
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3.5.2.

3.5.3.

3.53.1

External Systems

120VAC System

Class 1E 125VDC System

4KV System

Diesel Generator and Auxiliary Systems
DCS Platform

Design Requirements

Design requirements for the CS include regulatory, industry and project defined
requirements. These are identified in Appendix E.1. The design requirements are
identified by a CS-DR-XX designation.

Performance Requirements
CS Response Time

The CS signal input to actuation output propagation time is less than 100
milliseconds.

Basis: LGS Design Input (Reference 5.5.13)

3.5.4. Functional Requirements

3.6.

The functional requirements define the protection and control philosophy required to
fulfill the primary function of the CS. These are identified in Appendix E.2. The
functional requirements are identified by a CS-FR-XX designation.

Residual Heat Removal System

The primary function of RHR is to:

Restore and maintain the reactor vessel water level by the use of the Low Pressure
Coolant Injection (LPCI) mode after a Loss-of-Coolant Accident (LOCA)

Alternate functions of the RHR are to:

Limit the Suppression Pool water temperature by the use of the Suppression Pool Cooling
(SPC) mode during normal plant operation

Provide Drywell and Wetwell spray by the use of the Containment Spray Cooling (CSC)
mode after a LOCA

Remove reactor core decay heat and sensible heat from the primary reactor system by the
use of the Shutdown Cooling (SDC) mode
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The RHR/LPCI mode provides this function by monitoring certain plant parameters and
automatically initiating the start of pumps and aligning valves for water injection pathways. The
other modes are started and aligned manually.

The functionality of the RHR resides on the PPS as an application.
3.6.1. Interface Requirements

The RHR function will have protection and control logic interfaces with the following
PPS functions or external systems:

PPS Functions

CS

ADS

RCIC

N4S

HPCI

External Systems

120VAC System

Class 1E 125VDC System

4kV System

Standby Liquid Control System
DCS Platform

3.6.2. Design Requirements

Design requirements for the RHR include regulatory, industry, and project defined
requirements. These are identified in Appendix F.1. The design requirements are
identified by a RHR-DR-XX designation.

3.6.3. Performance Requirements
3.6.3.1 RHR LPCI Mode Response Time

The RHR signal input to actuation output propagation time is less than
100 milliseconds.

Basis: LGS Design Input (Reference 5.5.13)
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3.6.4. Functional Requirements

3.7.

The functional requirements define the protection and control philosophy required to
fulfill the primary function of the RHR. These are identified in Appendix F.2. The
functional requirements are identified by a RHR-FR-XX designation.

Reactor Core Isolation Cooling System

The primary function of RCIC is to:

Provide sufficient coolant to the reactor vessel during a reactor isolation event
accompanied by the loss-of-coolant flow from the Feedwater System.

Provide sufficient coolant inventory in the reactor vessel to allow for a complete plant
shutdown in the event of a loss of normal feedwater until the reactor is depressurized to a
level where the Shutdown Cooling Mode of the Residual Heat Removal (RHR) System
can be placed into operation.

Provide coolant inventory and temperature control when the reactor vessel is isolated and
maintained in the hot standby condition.

The RCIC provides this function by monitoring certain plant parameters and initiating the startup
of a steam driven turbine pump and alignment of valves to support a flow injection pathway.

The functionality of the RCIC resides on the PPS as an application.

3.7.1. Interface Requirements

The RCIC function will have protection and control logic interfaces with the following
PPS functions or external systems:

PPS Functions

CS

RHR

N4S

HPCI

External Systems

120VAC System

Class 1E 125VDC System
Reactor Enclosure HVAC System
DCS Platform
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3.7.2.

3.7.3.

3.7.3.1

3.7.4.

4.0

Design Requirements

Design requirements for the RCIC include regulatory, industry, and project defined
requirements. These are identified in Appendix G.1. The design requirements are
identified by a RCIC-DR-XX designation.

Performance Requirements
RCIC Response Time

The RCIC signal input to actuation output propagation time is less than 100
milliseconds.

Basis: LGS Design Input (Reference 5.5.13)
Functional Requirements

The functional requirements define the protection and control philosophy required to
fulfill the primary function of the RCIC. These are identified in Appendix G.2. The
functional requirements are identified by a RCIC-FR-XX designation.

SR Platform Requirements

In order to support the digital transformation strategy, a common digital platform is to be
leveraged. The identification of the applicable functional requirements for the SR platform was
based on the familiarity with features and capabilities that are available with and unique to
digital platform designs. Many of these functional requirements reflect typical architecture,
HMI, communication and other related requirements prevalent in the industry.

Requirements for the PPS are identified in Appendix H.1 and are identified by a PPS-XX
designation.

4.1.

Functional Requirements

There are a number of functional requirements identified that that are unique to the needs
of the LGS project. Platform requirements have been identified and categorized into
several categories as identified below.

Safety Classification

Platform Architecture

System Inputs and Outputs (1/0O)
Independence, Separation, and Segmentation
Health Monitoring

Surveillance Testing
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Communication
Human-Machine Interface (HMI)
Visual Display Unit (VDU) Displays
Data Historian, Sequence of Events, Data Transmission
Cyber Security
Simulator
4.2. Environmental Characteristics
Electromagnetic Compatibility
Cabinet Requirements

Environmental Parameters

5.0 References

5.1. Code of Federal Regulations (CFR)

Appendix A to 10 CFR Part 50, General Design Criteria (GDC) for Nuclear Power Plants
5.1.1. GDC 1 - Quality Standards and Records

5.1.2. GDC 2 - Design Bases for Protection Against Natural Phenomena
5.1.3. GDC 3 - Fire Protection

5.1.4. GDC 4 - Environmental and Dynamic Effects Design Bases
5.1.5. GDC 10 - Reactor Design

5.1.6. GDC 12 - Suppression of Reactor Power Oscillations

5.1.7. GDC 13 - Instrumentation and Control

5.1.8. GDC 15 - Reactor Coolant System Design

5.1.9. GDC 19 - Control Room

5.1.10. GDC 20 - Protection System Functions

5.1.11. GDC 21 - Protection System Reliability and Testability

5.1.12. GDC 22 - Protection System Independence
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5.1.13. GDC 23 - Protection System Failure Modes

5.1.14. GDC 24 - Separation of Protection and Control Systems

5.1.15. GDC 25 - Protection System Requirements for Reactivity Control Malfunctions
5.1.16. GDC 29 - Protection Against Anticipated Operational Occurrences

5.1.17. GDC 33 - Reactor Coolant Makeup

5.1.18. GDC 35 — Emergency Core Cooling

5.1.19. GDC 37 - Testing of Emergency Core Cooling System

5.2. Nuclear Regulatory Commission (NRC)

5.2.1. Regulatory Guide 1.6 (March 1971) - Independence Between Redundant Standby
(Onsite) Power Sources and Between Their Distribution Systems (Safety Guide 6)

5.2.2. Regulatory Guide 1.22 (February 1972) - Periodic Testing of Protection System
Actuation Functions (Safety Guide 22)

5.2.3. Regulatory Guide 1.29 (September 1978) - Seismic Design Classification

5.2.4. Regulatory Guide 1.30 (August 1972) - Quality Assurance Requirements for the
Installation, Inspection, and Testing of Instrumentation and Electric Equipment (Safety
Guide 30)

5.2.5. Regulatory Guide 1.32 (February 1977) - Criteria for Safety-Related Electric Power
Systems for Nuclear Power Plants

5.2.6. Regulatory Guide 1.47 (May 1973) - Bypassed and Inoperable Status Indication for
Nuclear Power Plant Safety Systems

5.2.7. Regulatory Guide 1.53 (June 1973) - Application of the Single Failure Criterion to
Nuclear Power Plant Protection Systems

5.2.8. Regulatory Guide 1.62 (October 1973) - Manual Initiation of Protective Actions
5.2.9. Regulatory Guide 1.75 (September 1978) - Physical Independence of Electric Systems

5.2.10. Regulatory Guide 1.89 (November 1974) - Qualification of Class 1E Equipment for
Nuclear Power Plants

5.2.11. Regulatory Guide 1.97 (December 1980) - Instrumentation for Light-Water- Cooled
Nuclear Power Plants to Assess Plant and Environs Conditions During and Following and
Accident
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5.2.12.

5.2.13.

5.2.14.

5.2.15.

5.2.16.

5.2.17.

5.2.18

5.2.19.

5.2.20.

5.2.21.

5.2.22.

5.2.23.

5.2.24.

5.2.25.

5.2.26.

Regulatory Guide 1.100 (August 1977) - Seismic Qualification of Electric Equipment for
Nuclear Power Plants

Regulatory Guide 1.105 (November 1976) - Instrument Setpoints

Regulatory Guide 1.118 (June 1978) - Periodic Testing of Electric Power and Protection
Systems

Regulatory Guide 1.152 (July 2011) - Criteria for Use of Computers in Safety Systems of
Nuclear Power Plants

Regulatory Guide 1.153 (June 1996) - Criteria for Safety Systems

Regulatory Guide 1.168 (July 2013) - Verification, Validation, Reviews, and Audits for
Digital Computer Software Used in Safety Systems of Nuclear Power Plants

. Regulatory Guide 1.169 (July 2013) - Configuration Management Plans for Digital

Computer Software Used in Safety Systems of Nuclear Power Plants

Regulatory Guide 1.170 (July 2013) - Test Documentation for Digital Computer Software
Used in Safety Systems of Nuclear Power Plants

Regulatory Guide 1.171 (July 2013) - Software Unit Testing for Digital Computer
Software Used in Safety Systems of Nuclear Power Plants

Regulatory Guide 1.172 (July 2013) - Software Requirement Specifications for Digital
Computer Software and Complex Electronics Used in Safety Systems of Nuclear Power
Plants

Regulatory Guide 1.173 (July 2013) - Developing Software Life Cycle Processes for
Digital Computer Software Used in Safety Systems of Nuclear Power Plants

Regulatory Guide 1.180 (December 2019) - Guidelines for Evaluating Electromagnetic
and Radio-Frequency Interference in Safety-Related Instrumentation and Control
Systems

Regulatory Guide 1.209 (March 2007) - Guidelines for Environmental Qualification of
Safety-Related Computer-Based Instrumentation and Control Systems in Nuclear Power
Plants

DI&C-1SG-04, Interim Staff Guidance, Revision 1, Highly-Integrated Control Rooms —
Communications Issues (HICRc)

NUREG/CR-6303, 1994, Method for Performing Diversity and Defense-in-Depth
Analyses of Reactor Protection Systems

1129-0172-SPEC-001, Revision 2 Page 26 of 389



5.2.27.

5.2.28.

5.2.29.

5.3.

5.3.1.

5.3.2.

5.3.3.

5.3.4.

5.3.5.

5.3.6.

5.3.7.

5.3.8.

5.3.9.

5.3.10.

5.3.11.

NUREG/CR-6463, 1996, Review Guidelines on Software Languages for Use in Nuclear
Power Plant Safety Systems

NUREG-0700, Rev 2, Human-System Interface Design Review Guidelines
NUREG-0711, Rev 3, Human Factors Engineering Program Review Model
Industry Standards

IEEE Std. 279-1971 - IEEE Standard Criteria for Protection Systems for Nuclear Power
Generating Stations

IEEE Std. 308 (1971 and 1974) - Standard Criteria for Class 1E Power Systems for
Nuclear Power Generating Stations

IEEEStd. 323 (1971 and 2003) - General Guide for Qualifying Class 1 Electric
Equipment for Nuclear Power Generating Stations

International Electrotechnical Commission (IEC)/IEEE 60780/323 2016, Nuclear
facilities — Electrical equipment important to safety — Qualification

IEEE Std. 336 (1971 and 2010) - IEEE Standard Installation, Inspection, and Testing
Requirements for Instrumentation and Electric Equipment during the Construction of
Nuclear Power Generating Stations

IEEE Std. 338 (1971, 1975, 1977, 1987, and 2012) - Criteria for the Periodic Testing of
Nuclear Power Generating Station Protection Systems

IEEE Std. 344 (1971 or 1975) - Guide for Seismic Qualification of Class 1 Electric
Equipment for Nuclear Power Generating Stations

IEEE Std. 379 (1972 or 1977, 2003, and 2014) - Guide for the Application of the Single
Failure Criterion to Nuclear Power Generating Station Protection Systems

IEEE Std. 384 (1977 and 2018) - Criteria for Independence of Class 1E Equipment and
Circuits

IEEE Std. 603 (1991 and 2018) - Standard Criteria for Safety Systems for Nuclear Power
Generating Stations

IEEE Std. 7-4.3.2 (2003 and 2016) - Standard Criteria for Digital Computers in Safety
Systems of Nuclear Power Generating Stations

5.3.12. ANS 3.5-2009, Nuclear Power Plant Simulators for Use in Operator Training and

Examination
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5.4. Limerick Drawings

5.4.1. M-1-C71-1020-E-020 Sheets 1 through 14, “Elementary Diagram Reactor Protection
System”

5.4.2. M-1-B21-1090-E-027 Sheets 1 through 15, “Elementary Diagram Nuclear Steam Supply
Shutoff System”

5.4.3. B21-1090-E-034, “Elementary Diagram HV-051-2F008”

5.4.4. B21-1090-E-035, “Elementary Diagram HV-051-2F009”

5.4.5. B21-1090-E-036, “Elementary Diagram HV-051-2F015A”

5.4.6. B21-1090-E-037, “Elementary Diagram HV-051-2F015B”

5.4.7. B21-1090-E-038, “Elementary Diagram HV-041-2F016”

5.4.8. M-1-E41-1040-E-001 Sheets 1 and 2, “Elementary Diagram HPCI System”
5.4.9. M-1-E41-1040-E-002, “Elementary Diagram HPCI System”

5.4.10. M-1-E41-1040-E-003, “Elementary Diagram HPCI System”

5.4.11. M-1-E41-1040-E-004, “Elementary Diagram HPCI System”

5.4.12. M-1-E41-1040-E-005, “Elementary Diagram HPCI System”

5.4.13. M-1-E41-1040-E-006, “Elementary Diagram HPCI System”

5.4.14. M-1-E41-1040-E-007, “Elementary Diagram HPCI System”

5.4.15. M-1-E41-1040-E-008, “Elementary Diagram HPCI System”

5.4.16. M-1-E41-1040-E-009, “Elementary Diagram HPCI System”

5.4.17. M-1-E41-1040-E-012 Sheets 1 and 2, “Elementary Diagram HPCI System”
5.4.18. M-1-E41-1040-E-013 Sheets 1 through 6, “Elementary Diagram HPCI System”
5.4.19. M-1-E41-1040-E-014 Sheets 1 and 2, “Elementary Diagram HPCI System”
5.4.20. M-1-E41-1040-E-015, “Elementary Diagram HPCI System”

5.4.21. M-1-E41-1040-E-016, “Elementary Diagram HPCI System”

5.4.22. E41-1040-E-031, “Schematic HV-055-1F011 HPCI, RCIC PP. Test Return to CST
Condensate”
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5.4.23. E41-1040-E-033, “Schematic HV-055-1F072 HPCI Turbine Exhaust PCIV Exhaust”

5.4.24. M-1- B21-1060-E-001, “Elementary Diagram Auto Depressurization System”

5.4.25. M-1- B21-1060-E-002, “Elementary Diagram Auto Depressurization System”

5.4.26. M-1- B21-1060-E-003, “Elementary Diagram Auto Depressurization System”

5.4.27. M-1- B21-1060-E-004, “Elementary Diagram Auto Depressurization System”

5.4.28. M-1- B21-1060-E-005, “Elementary Diagram Auto Depressurization System”

5.4.29. M-1- B21-1060-E-006, “Elementary Diagram Auto Depressurization System”

5.4.30. M-1- B21-1060-E-007, “Elementary Diagram Auto Depressurization System”

5.4.31. M-1- B21-1060-E-008, “Elementary Diagram Auto Depressurization System”

5.4.32. M-1- B21-1060-E-009, “Elementary Diagram Auto Depressurization System”

5.4.33. M-1- B21-1060-E-010, “Elementary Diagram Auto Depressurization System”

5.4.34. M-1- B21-1060-E-011, “Elementary Diagram Auto Depressurization System”

5.4.35. M-1- E21-1040-E-001, “Elementary Diagram Core Spray System”
5.4.36. M-1- E21-1040-E-002, “Elementary Diagram Core Spray System”

5.4.37. M-1- E21-1040-E-003, “Elementary Diagram Core Spray System”

5.4.38. M-1- E21-1040-E-004 Sheets 1 and 2, “Elementary Diagram Core Spray System”

5.4.39. M-1- E21-1040-E-005, “Elementary Diagram Core Spray System”
5.4.40. M-1- E21-1040-E-006, “Elementary Diagram Core Spray System”
5.4.41. M-1- E21-1040-E-007, “Elementary Diagram Core Spray System”
5.4.42. M-1- E21-1040-E-008, “Elementary Diagram Core Spray System”
5.4.43. M-1- E21-1040-E-009, “Elementary Diagram Core Spray System”
5.4.44. M-1- E21-1040-E-010, “Elementary Diagram Core Spray System”
5.4.45. M-1- E21-1040-E-011, “Elementary Diagram Core Spray System”
5.4.46. M-1- E21-1040-E-012, “Elementary Diagram Core Spray System”

5.4.47. M-1- E21-1040-E-013, “Elementary Diagram Core Spray System”
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5.4.48. M-1- E21-1040-E-014, “Elementary Diagram Core Spray System”

5.4.49. M-1- E21-1040-E-015, “Elementary Diagram Core Spray System”

5.4.50. M-1- E21-1040-E-016, “Elementary Diagram Core Spray System”

5.4.51. M-1- E21-1040-E-017, “Elementary Diagram Core Spray System”

5.4.52. M-1- E11-1040-E-001, “Elementary Diagram Residual Heat Removal System”
5.4.53. M-1- E11-1040-E-002, “Elementary Diagram Residual Heat Removal System”
5.4.54. M-1- E11-1040-E-003, “Elementary Diagram Residual Heat Removal System”
5.4.55. M-1- E11-1040-E-004, “Elementary Diagram Residual Heat Removal System”
5.4.56. M-1- E11-1040-E-005, “Elementary Diagram Residual Heat Removal System”
5.4.57. M-1- E11-1040-E-006, “Elementary Diagram Residual Heat Removal System”
5.4.58. M-1- E11-1040-E-007, “Elementary Diagram Residual Heat Removal System”
5.4.59. M-1- E11-1040-E-008, “Elementary Diagram Residual Heat Removal System”
5.4.60. M-1- E11-1040-E-009, “Elementary Diagram Residual Heat Removal System”
5.4.61. M-1- E11-1040-E-010, “Elementary Diagram Residual Heat Removal System”
5.4.62. M-1- E11-1040-E-011, “Elementary Diagram Residual Heat Removal System”
5.4.63. M-1- E11-1040-E-012, “Elementary Diagram Residual Heat Removal System”
5.4.64. M-1- E11-1040-E-013, “Elementary Diagram Residual Heat Removal System”
5.4.65. M-1- E11-1040-E-014, “Elementary Diagram Residual Heat Removal System”

5.4.66. M-1- E11-1040-E-015 Sheets 1 and 2, “Elementary Diagram Residual Heat Removal
System”

5.4.67. M-1- E11-1040-E-016, “Elementary Diagram Residual Heat Removal System”
5.4.68. M-1- E11-1040-E-017, “Elementary Diagram Residual Heat Removal System”

5.4.69. M-1- E11-1040-E-018 Sheets 1 and 2, “Elementary Diagram Residual Heat Removal
System”

5.4.70. M-1- E11-1040-E-019, “Elementary Diagram Residual Heat Removal System”

5.4.71. M-1- E11-1040-E-020, “Elementary Diagram Residual Heat Removal System”
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5.4.72.

5.4.73.

5.4.74

5.4.75.

5.4.76.

5.4.77.

5.4.78.

5.4.79.

5.4.80.

5.4.81.

5.4.82.

5.4.83.

5.4.84.

5.4.85.

5.4.86.

5.4.87.

5.4.88.

5.4.89.

5.4.90.

54091

5.4.92.

M-1- E11-1040-E-021, “Elementary Diagram Residual Heat Removal System”

M-1- E11-1040-E-022, “Elementary Diagram Residual Heat Removal System”

. M-1- E11-1040-E-023, “Elementary Diagram Residual Heat Removal System”

M-1- E11-1040-E-024, “Elementary Diagram Residual Heat Removal System”
M-1- E11-1040-E-025, “Elementary Diagram Residual Heat Removal System”
M-1- E11-1040-E-026, “Elementary Diagram Residual Heat Removal System”
M-1- E11-1040-E-027, “Elementary Diagram Residual Heat Removal System”
M-1- E11-1040-E-028, “Elementary Diagram Residual Heat Removal System”
M-1- E11-1040-E-029, “Elementary Diagram Residual Heat Removal System”

E11-1040-E-059, “Schematic — HV-051-1F003A, 1A RHR RTX Shell Side Outlet VIv
Outlet”

E11-1040-E-060, “Schematic — HV-051-1F003B, 1B RHR RTX Shell Side Outlet VIv
Outlet”

E11-1040-E-061, “Schematic — HV-051-1F007A, 1A RHR PP Min Flow VIv Min Flow
A11

E11-1040-E-062, “Schematic — HV-051-1F010A, 1C RHR PP Full Flow Test Return
VIv”?

E11-1040-E-063, “Schematic — HV-051-1F004A, 1A RHR PP Suction PCIV Suction A”
E11-1040-E-064, “Schematic — HV-051-1F004B, 1B RHR PP Suction PCIV Suction B”

E11-1040-E-065, “Schematic — HV-051-1F006A, 1A RHR Shutdown Cooling Suction
MOV”

E11-1040-E-066, “Schematic — HV-051-1F006B, 1B RHR PP CLG Suct VIv Suction B”
E11-1040-E-067, “Schematic — HV-051-1F017A, 1A RHR LPCI INJ PCIV Qutboard A”

E11-1040-E-068, “HV-051-1F017B, 1B RHR LPCI INJ PCIV Outboard B”

. E11-1040-E-069, “Schematic — HV-051-1F024A, 1A RHR PP Full Flow Test Return

VIiv”

E11-1040-E-070, “Schematic — HV-051-1F024B, 1B RHR PP Full Flow Test Return
A\
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5.4.93. E11-1040-E-071, “Schematic — HV-051-1F027A, 1A RHR Supp Pool Spray Line PCIV”
5.4.94. E11-1040-E-072, “Schematic — HV-051-1F027B, 1B RHR Supp Pool Spray Line PCIV”

5.4.95. E11-1040-E-073, “Schematic — HV-051-1F047A, 1A RHR HTX Shell Side Inlet Viv
Inlet”

5.4.96. E11-1040-E-074, “Schematic — HV-051-1F048A, 1A RHR HTX Shell Side Bypass VIv
Heat Exch Bypass”

5.4.97. E11-1040-E-093, “Schematic — HV-051-1F047B, 1B RHR HTX Shell Side Inlet Vv
Inlet”

5.4.98. E11-1040-E-094, “Schematic — HV-051-1F073, RHR Service Water Crosstie Cross Tie”

5.4.99. E11-1040-E-095, “Schematic — HV-C-051-1F048B, 1B RHR HTX, Shell Side Bypass
VIv Heat Exch”

5.4.100. M-1-E51-1040-E-001, “Elementary Diagram — Reactor Core Isolation”
5.4.101. M-1-E51-1040-E-002, “Elementary Diagram — Reactor Core Isolation”
5.4.102. M-1-E51-1040-E-003, “Elementary Diagram — Reactor Core Isolation”
5.4.103. M-1-E51-1040-E-004, “Elementary Diagram — Reactor Core Isolation”
5.4.104. M-1-E51-1040-E-005, “Elementary Diagram — Reactor Core Isolation”
5.4.105. M-1-E51-1040-E-006, “Elementary Diagram — Reactor Core Isolation”
5.4.106. M-1-E51-1040-E-007 Sheets 1 and 2, “Elementary Diagram — Reactor Core Isolation”
5.4.107. M-1-E51-1040-E-008, “Elementary Diagram — Reactor Core Isolation”
5.4.108. M-1-E51-1040-E-009, “Elementary Diagram — Reactor Core Isolation”
5.4.109. M-1-E51-1040-E-010, “Elementary Diagram — Reactor Core Isolation”
5.4.110. M-1-E51-1040-E-011, “Elementary Diagram — Reactor Core Isolation”
5.4.111. M-1-E51-1040-E-012, “Elementary Diagram — Reactor Core Isolation”
5.4.112. M-1-E51-1040-E-013, “Elementary Diagram — Reactor Core Isolation”
5.4.113. M-1-E51-1040-E-014, “Elementary Diagram — Reactor Core Isolation”
5.4.114. M-1-E51-1040-E-015, “Elementary Diagram — Reactor Core Isolation”

5.4.115. M-1-E51-1040-E-016, “Elementary Diagram — Reactor Core Isolation”
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5.4.116. M-1-E51-1040-E-017, “Elementary Diagram — Reactor Core Isolation”

5.4.117. M-1-E51-1040-E-040, “Schematic HV-049-1F002 RCIC Bar Cond Vac Pump Disch
PCIV (Disch)”

5.4.118. M-1-E51-1040-E-041, “Schematic HV-049-1F010 RCIC PP Suction From CST Vv
(Cond Tk Suction)”

5.4.119. M-1-E51-1040-E-042, “Schematic HV-049-1F012 RCIC PP Disch Outbd Isol VIv
(Discharge)”

5.4.120. M-1-E51-1040-E-043, “Schematic HV-049-1F013 RCIC PP Disch Inbrd PCIV
(Feed)”

5.4.121. M-1-E51-1040-E-044, “Schematic HV-049-1F019 RCIC Pump Min Flow PCIV (Min
Flow)”

5.4.122. M-1-E51-1040-E-045, “Schematic HV-049-1F022 RCIC Full Flow Test VIv (Test
Isol)”

5.4.123. M-1-E51-1040-E-046, “Schematic HV-049-1F029 RCIC PP Suction From
Suppression Pool (Supp Pool Suction)”

5.4.124. M-1-E51-1040-E-047, “Schematic HV-049-1F031 RCIC Pump Suction From Supp
Pool PCIV (Supp Pool)”

5.4.125. M-1-E51-1040-E-048, “Schematic HV-049-1F060 RCIC Turbine Exh PCIV
(Exhaust)”

5.4.126. M-1-E51-1040-E-049, “Schematic HV-050-1F045 RCIC Stm Supply VIv (Inlet)”

5.4.127. M-1-E51-1040-E-050, “Schematic HV-050-1F046 RCIC Lube Oillg Wtr Supply VIv
(Cooling Water)

5.4.128. M-1-E51-1040-E-051, “Schematic HV-050-112 Reactor Core Isolation Cooling
Turbine Trip Throttle Valve”

5.4.129. M-1-E51-1040-E-052, “Schematic HV-049-1F007 Main Steam Supply Inbrd PCIV
Inboard”

5.4.130. M-1-E51-1040-E-053, “Schematic HV-049-1F008 RCIC Steam Line Outboard PCIV
Outboard”

5.4.131. M-1-E51-1040-E-054, “Schematic HV-049-1F080 RCIC Turb Exhaust Line VVac Bkr
PCIV Outhoard”

5.4.132. M-1-E51-1040-E-055, “Schematic HV-049-1F084 RCIC Turb Exhaust Vacuum Bkr
PCIV Inboard”
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5.4.133.

M-1-B21-1050-E-001, “Elementary Diagram Steam Leak Detection Schematic”

5.4.134. M-1-B21-1050-E-002, “Elementary Diagram Steam Leak Detection Schematic”

5.4.135.

5.4.136.

5.4.137.

5.4.138.

5.4.139.

5.4.140.

5.4.141.

5.5.

5.5.1.

5.5.2.

5.5.3.

5.5.4.

5.5.5.

5.5.6.

5.5.7.

5.5.8.

5.5.9.

5.5.10.

5.5.11.

5.5.12.

5.5.13.

M-1-B21-1050-E-003, “Elementary Diagram Steam Leak Detection Schematic”
M-1-B21-1050-E-004, “Elementary Diagram Steam Leak Detection Schematic”
M-1-B21-1050-E-005, “Elementary Diagram Steam Leak Detection Schematic”
M-1-B21-1050-E-006, “Elementary Diagram Steam Leak Detection Schematic”
M-1-B21-1050-E-007, “Elementary Diagram Steam Leak Detection Schematic”
M-1-B21-1050-E-008, “Elementary Diagram Steam Leak Detection Schematic”
M-1-B21-1050-E-009, “Elementary Diagram Steam Leak Detection Schematic”
Limerick Specific Documents

LGS Unit 1 Technical Specification (Thru Amendment 235)

LGS Updated Final Safety Analysis Report (UFSAR), Rev 16

M-171, Rev 17, Specification for Environmental Service Conditions Limerick Generating
Stations Units 1&2

Procedure GP-8, Rev 20, “Primary and Secondary Containment Isolation Reset / Bypass
and Restoration”

Procedure GP-8.1, Rev 16, “Auomatic Actuations by Isolation Signals”

Design Basis Document L-S-06, Rev 10, “Reactor Protection System”

Design Basis Document L-S-26, Rev 4. “Primary Containment Isolation System”
Design Basis Document L-S-03, Rev 20, “High Pressue Coolant Injection System”
Design Basis Document L-S-31, Rev 4, “Automatic Depressurixation System”
Design Basis Document L-S-44, Rev 11, “Core Spray System”

Design Basis Document L-S-09, Rev 21, “Residual Heat Removal System”
Design Basis Document L-S-39, Rev 13, “Reactor Core isolation Cooling System”

LGS E-mail from George Bonanni dated 3/26/20
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A.1 RPS Design Requirements
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RPS DESIGN REQUIREMENTS

ID#

Requirement

New Source / Basis

RPS-DR-1

Structures, systems, and components important to safety shall be designed,
fabricated, erected, and tested to quality standards commensurate with the
importance of the safety functions to be performed. Where generally
recognized codes and standards are used, they shall be identified and
evaluated to determine their applicability, adequacy, and sufficiency and shall
be supplemented or modified as necessary to assure a quality product in
keeping with the required safety function. A quality assurance program shall
be established and implemented in order to provide adequate assurance that
these structures, systems, and components will satisfactorily perform their
safety functions. Appropriate records of the design, fabrication, erection, and
testing of structures, systems, and components important to safety shall be
maintained by or under the control of the nuclear power unit licensee
throughout the life of the unit.

GDC 1 - Quality standards and records.

RPS-DR-2

Structures, systems, and components important to safety shall be designed to
withstand the effect of natural phenomena such as earthquakes, tornadoes,
hurricanes, floods, tsunami, and seiches without loss of capability to perform
their safety functions.

GDC 2 - Design Bases for Protection Against
Natural Phenomena

RPS-DR-3

Structures, systems, and components important to safety shall be designed
and located to minimize, consistent with other safety requirements, the
probability and effect of fires and explosions.

GDC 3 - Fire protection

RPS-DR-4

Structures, systems, and components important to safety shall be designed to
accommodate the effects of and to be compatible with the environmental
conditions associated with normal operation, maintenance, testing, and
postulated accidents, including loss-of-coolant accidents (LOCAs).

GDC 4 - Environmental and dynamic effects
design bases

RPS-DR-5

The reactor core and associated coolant, control, and protection systems shall
be designed with appropriate margin to assure that specified acceptable fuel
design limits are not exceeded during any condition of normal operation,
including the effects of anticipated operational occurrences.

GDC 10 - Reactor design
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RPS DESIGN REQUIREMENTS

ID#

Requirement

New Source / Basis

RPS-DR-6

The reactor core and associated coolant, control, and protection systems shall
be designed to assure that power oscillations which can result in conditions
exceeding specified acceptable fuel design limits are not possible or can be
reliably and readily detected and suppressed.

GDC 12 - Suppression of reactor power
oscillations

RPS-DR-7

Instrumentation shall be provided to monitor variables and systems over their
anticipated ranges for normal operation, for anticipated operational
occurrences, and for accident conditions as appropriate to assure adequate
safety, including those variables and systems that can affect the fission
process, the integrity of the reactor core, the reactor coolant pressure
boundary, and the containment and its associated systems. Appropriate
controls shall be provided to maintain these variables and systems within
prescribed operating ranges.

GDC 13 - Instrumentation and control

RPS-DR-8

The reactor coolant system and associated auxiliary, control, and protection
systems shall be designed with sufficient margin to assure that the design
conditions of the reactor coolant pressure boundary are not exceeded during
any condition of normal operation, including anticipated operational
occurrences.

GDC 15 - Reactor coolant system design

RPS-DR-9

A control room shall be provided from which actions can be taken to operate
the nuclear power unit safely under normal conditions and to maintain itin a
safe condition under accident conditions, including loss-of-coolant accidents.
Adequate radiation protection shall be provided to permit access and
occupancy of the control room under accident conditions without personnel
receiving radiation exposures in excess of 5 rem whole body, or its equivalent
to any part of the body, for the duration of the accident. Equipment at
appropriate locations outside the control room shall be provided (1) with a
design capability for prompt hot shutdown of the reactor, including necessary
I&C to maintain the unit in a safe condition during hot shutdown, and (2) with
a potential capability for subsequent cold shutdown of the reactor through
the use of suitable procedures.

GDC 19 - Control Room
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RPS DESIGN REQUIREMENTS

ID#

Requirement

New Source / Basis

RPS-DR-10

The protection system shall be designed (1) to initiate automatically the
operation of appropriate systems including the reactivity control systems, to
assure that specified acceptable fuel design limits are not exceeded as a result
of anticipated operational occurrences and (2) to sense accident conditions
and to initiate the operation of systems and components important to safety.

GDC 20 - Protection system functions

RPS-DR-11

The protection system shall be designed for high functional reliability and
inservice testability commensurate with the safety functions to be performed.
Redundancy and independence designed into the protection system shall be
sufficient to assure that (1) no single failure results in loss of the protection
function and (2) removal from service of any component or channel does not
result in loss of the required minimum redundancy unless the acceptable
reliability of operation of the protection system can be otherwise
demonstrated. The protection system shall be designed to permit periodic
testing of its functioning when the reactor is in operation, including a
capability to test channels independently to determine failures and losses of
redundancy that may have occurred.

GDC 21 - Protection system reliability and
testability

RPS-DR-12

The protection system shall be designed to ensure that the effects of natural
phenomena, and of normal operating, maintenance, testing, and postulated
accident conditions on redundant channels do not result in loss of the
protection function, or shall be demonstrated to be acceptable on some other
defined basis. Design techniques, such as functional diversity or diversity in
component design and principles of operation, shall be used to the extent
practical to prevent loss of the protection function.

GDC 22- Protection system independence

RPS-DR-13

The protection system shall be designed to fail into a safe state or into a state
demonstrated to be acceptable on some other defined basis if conditions such
as disconnection of the system, loss of energy (e.g., electric power,
instrument air), or postulated adverse environments (e.g., extreme heat or
cold, fire, pressure, steam, water, and radiation) are experienced.

GDC 23 - Protection system failure modes
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RPS DESIGN REQUIREMENTS

remain functional if the Safe Shutdown Earthquake (SSE) occurs shall be
designated as Seismic Category |. (This includes Systems or portions of
systems that are required for reactor shutdown; all electric and mechanical
devices and circuitry between the process and the input terminals of the
actuator systems involved in generating signals that initiate protective action;
systems or portions of systems that are required for (1) monitoring of systems
important to safety and (2) actuation of systems important to safety.)

ID # Requirement New Source / Basis

RPS-DR-14 The protection system shall be separated from control systems to the extent GDC 24 - Separation of protection and control
that failure of any single control system component or channel, or failure or systems
removal from service of any single protection system component or channel
which is common to the control and protection systems leaves intact a system
satisfying all reliability, redundancy, and independence requirements of the
protection system. Interconnection of the protection and control systems
shall be limited so as to assure that safety is not significantly impaired.

RPS-DR-15 The protection system shall be designed to assure that specified acceptable GDC 25 - Protection system requirements for
fuel design limits are not exceeded for any single malfunction of the reactivity | reactivity control malfunctions
control systems, such as accidental withdrawal (not ejection or dropout) of
control rods.

RPS-DR-16 The protection and reactivity control systems shall be designed to ensure an GDC 29 - Protection against anticipated
extremely high probability of accomplishing their safety functions in the event | operational occurrences
of anticipated operational occurrences.

RPS-DR-17 The protection system shall be designed to permit periodic testing of its Regulatory Guide 1.22 - Periodic Testing of
initiation functions inclusive of the actuation devices and actuated equipment | Protection System Actuation Functions (Safety
when the reactor is in operation. Guide 22)

RPS-DR-18 Those structures, systems, and components (SSC) that should be designed to Regulatory Guide 1.29 - Seismic Design

Classification
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RPS DESIGN REQUIREMENTS

of design under the most adverse design conditions.

ID # Requirement New Source / Basis

RPS-DR-19 The RPS shall comply with the requirements of Appendix B to 10 CFR Part 50 Regulatory Guide 1.30 - Quality Assurance
for the installation, inspection, and testing of nuclear power plant Requirements for the Installation, Inspection,
instrumentation and electric equipment. and Testing of Instrumentation and Electric

Equipment (Safety Guide 30)

RPS-DR-20 The RPS shall meet the requirements for design, operation, and testing of Regulatory Guide 1.32 - Criteria for Power
safety-related power systems within nuclear power plants as defined within Systems for Nuclear Power Plants
IEEE Std. 308.

RPS-DR-21 The RPS shall meet the requirements for indicating the bypass or inoperable Regulatory Guide 1.47 - Bypassed and Inoperable
status of portions of the protection system, systems actuated or controlled by | Status Indication for Nuclear Power Plant Safety
the protection system, and auxiliary or supporting systems that must be Systems
operable for the protection system and the system it actuates to perform
their safety-related functions:

RPS-DR-22 The RPS shall comply with the IEEE Std. 279 requirement that any single Regulatory Guide 1.53 - Application of the Single-
failure within the protection system shall not prevent proper protective action | Failure Criterion to Safety Systems
at the system level when required, by utilizing the guidance in IEEE Std. 379-

1972 for applying the single-failure criterion to the design and analysis of
nuclear power plant protection systems.
RPS-DR-23 The RPS shall provide a means for manual initiation of protective actions. Regulatory Guide 1.62 - Manual Initiation of
Protective Actions

RPS-DR-24 The RPS shall meet the requirements for physical independence of the circuits | Regulatory Guide 1.75 - Physical Independence
and electric equipment comprising or associated with the Class 1E power of Electric Systems
system, the protection system, systems actuated or controlled by the
protection system, and auxiliary or supporting systems that must be operable
for the protection system and the systems it actuates to perform their safety
related functions.

RPS-DR-25 The RPS shall comply with design verification requirements to verify adequacy | Regulatory Guide 1.89 - Environmental

Qualification of Certain Electric Equipment
Important to Safety for Nuclear Power Plants
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ID # Requirement New Source / Basis
RPS-DR-26 The RPS shall comply with the requirement to: Regulatory Guide 1.97 - Criteria for Accident
Monitoring Instrumentation for Nuclear Power
(1) provide information required to permit the operator to take preplanned Plants
manual actions to accomplish safe plant shutdown;
(2) determine whether the reactor trip, engineered safety feature systems,
and manually initiated safety systems and other systems important to safety
are performing their intended functions (i.e., reactivity control, core cooling,
maintaining reactor coolant system integrity, and maintaining containment
integrity);
(3) provide information to the operators that will enable them to determine
the potential for causing a gross breach of the" barriers to radioactivity
release (i.e., fuel cladding, reactor coolant pressure boundary, and
containment) and to determine if a gross breach of a barrier has occurred.
RPS-DR-27 The RPS shall comply with design verification requirements to verify the Regulatory Guide 1.100 - Seismic Qualification of
seismic adequacy of electric equipment. Electric and Mechanical Equipment for Nuclear
Power Plants
RPS-DR-28 The RPS design shall implement setpoints that ensure sufficient margin Regulatory Guide 1.105 - Instrument Setpoint
between Technical Specification limits and the trip setpoint to account for
instrument inaccuracy, calibration uncertainties, and instrument drift.
Consideration of instrument span and range as well as environmental
influences must be included.
RPS-DR-29 The RPS shall comply with the requirements for periodic testing of electric Regulatory Guide 1.118 - Periodic Testing of
power and protection systems. Electric Power and Protection Systems
RPS-DR-30 The RPS shall, with precision and reliability, initiate a reactor scram to prevent | IEEE Std. 603, Section 5.0 Safety System Criteria

or limit fuel damage following abnormal operational transients; prevent
damage to the RCPB as a result of excessive internal pressure; and limit the
uncontrolled release of radioactive materials from the fuel assembly or RCPB.

and 6.1 Automatic Control
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ID # Requirement New Source / Basis
RPS-DR-31 The RPS shall initiate a trip when the monitored plant parameter exceeds the | IEEE Std. 603, Section 6.1 Automatic Control
following trip setpoint:
Scram Discharge Volume (SDV) water level > 260'9-5/8" elevation (Unit 1:
25.45 gal, Unit 2: 25.58 gal)
Reactor Vessel Water Level < 12.5 inches above instrument zero
Drywell Pressure > 1.68 psig
Reactor Vessel Pressure > 1096 psig
RPS-DR-32 The RPS time response from the change of state of a sensor input contact or IEEE Std. 603, Section 4.10
an analog signal for exceeding a setpoint, to and including opening of the
contacts on the main trip actuators (scram contactors) shall be less than 50
milliseconds:
Neutron Flux (APRM)
Reactor Vessel Pressure
Reactor Vessel Water Level
Main Steam Line Isolation Valve Position
Turbine Stop Valve Position
Main Turbine Control Valve Fast Closure
RPS-DR-33 The RPS shall be capable of initiating a reactor scram under all modes of IEEE Std. 603, Section 4.1
reactor operation.
RPS-DR-34 The RPS shall be capable of initiating a reactor scram via discrete signals IEEE Std. 603, Section 6.2 Manual Control
(contact input) from a manually initiated switch.
RPS-DR-35 The RPS shall ensure that the protective action, once started, continues to IEEE Std. 603, Section 5.2 Completion of
completion. Protective Action
RPS-DR-36 Any single failure within the RPS shall not prevent proper protective action at | IEEE Std. 603, Section 5.1 Single Failure Criterion

the system level when required.

and IEEE Std. 7-4.3.2 Section 5.1 Single Failure
Criterion
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ID # Requirement New Source / Basis

RPS-DR-37 Components and modules shall be of a quality that is consistent with IEEE Std. 603 section 5.3 Quality and IEEE
minimum maintenance requirements and low failure rates. Quality levels Std. 7-4.3.2 section 5.3 Quality
shall be achieved through the specification of requirements known to
promote high quality, such as requirements for design, for the derating of
components, for manufacturing, quality control, inspection, calibration, and
test.

RPS-DR-38 Type test data or reasonable engineering extrapolation based on test data IEEE Std. 603 section 5.4 Equipment Qualification
shall be available to verify that protection system equipment shall meet, ona | and IEEE Std. 7-4.3.2 section 5.4 Equipment
continuing basis, the performance requirements determined to be necessary | Qualification
for achieving the system requirements.

RPS-DR-39 All protection system channels shall be designed to maintain necessary IEEE Std. 603 section 5.5 System Integrity and
functional capability under extremes of conditions (as applicable) relating to IEEE Std. 7-4.3.2 and section 5.5 Independence
environment, energy supply, malfunctions, and accidents.

RPS-DR-40 Channels that provide signals for the same protective function shall be IEEE Std. 603 section 5.6 Independence and IEEE
independent and physically separated to accomplish decoupling of the effects | Std. 7-4.3.2 and section 5.6 System Integrity
of unsafe environmental factors, electric transients, and physical accident
consequences documented in the design basis, and to reduce the likelihood of
interactions between channels during maintenance operations or in the event
of channel malfunction.

RPS-DR-41 Any equipment that is used for both protective and control functions shall be | IEEE Std. 603 section 5.6 Independence and IEEE
classified as part of the protection system and shall meet all the applicable Std. 7-4.3.2 and section 5.6 Independence
requirements.

RPS-DR-42 The transmission of signals from protection system equipment for control IEEE Std. 603 section 5.6 Independence and IEEE

system use shall be through isolation devices which shall be classified as part
of the protection system and shall meet all the applicable requirements. No
credible failure at the output of an isolation device shall prevent the
associated protection system channel from meeting the minimum
performance requirements specified.

Std. 7-4.3.2 and section 5.6 Independence
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ID # Requirement New Source / Basis

RPS-DR-43 Where a single random failure can cause a control system action that results IEEE Std. 603 section 6.3 Interaction Between the
in a generating station condition requiring protective action and can also Sense and Command Features and Other
prevent proper action of a protection system channel designed to protect Systems
against the condition, the remaining redundant protection channels shall be
capable of providing the protective action even when degraded by a second
random failure.

RPS-DR-44 Provisions shall be included so that the protective action can still be met if a IEEE Std. 603 section 6.3 Interaction Between the
channel is bypassed or removed from service for test or maintenance Sense and Command Features and Other
purposes. Acceptable provisions include reducing the required coincidence, Systems
defeating the control signals taken from the redundant channels, or initiating
a protective action from the bypassed channel.

RPS-DR-45 Where a credible single event can cause a control system action that results in | IEEE Std. 603 section 6.3 Interaction Between the
a condition requiring protective action and can concurrently prevent the Sense and Command Features and Other
protective action from those protection system channels designated to Systems
provide principal protection against the condition, then alternate channels
not subject to failure resulting from the same single event shall be provided to
limit the consequences of this event to a value specified by the design bases.

RPS-DR-46 To the extent feasible and practical, protection system inputs shall be derived | IEEE Std. 603 section 6.4 Derivation of System
from signals that are direct measures of the desired variables. Inputs

RPS-DR-47 Means shall be provided for checking, with a high degree of confidence, the IEEE Std. 603 section 6.5 Capability for Testing
operational availability of each system input sensor during reactor operation. | and Calibration

RPS-DR-48 Capability shall be provided for testing and calibrating channels and the IEEE Std. 603 section 6.5 Capability for Testing
devices used to derive the final system output signal from the various channel | and Calibration
signals.

RPS-DR-49 For those parts of the system where the required interval between testing will | IEEE Std. 603 section 6.5 Capability for Testing

be less than the normal time interval between generating station shutdowns,
there shall be capability for testing during power operation.

and Calibration
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action at the system level shall go to completion.

ID # Requirement New Source / Basis

RPS-DR-50 The system shall be designed to permit any one channel to be maintained, IEEE Std. 603 sections 6.7 Maintenance Bypass
and when required, tested or calibrated during power operation without and 7.5 Maintenance Bypass
initiating a protective action at the systems level.

RPS-DR-51 During such operation, the active parts of the system shall of themselves IEEE Std. 603 sections 6.7 Maintenance Bypass
continue to meet the single failure criterion. and 7.5 Maintenance Bypass

RPS-DR-52 Where operating requirements necessitate automatic or manual bypass of a IEEE Std. 603 sections 6.6 Operating Bypasses
protective function, the design shall be such that the bypass will be removed and 7.4 Operating Bypasses
automatically whenever permissive conditions are not met.

RPS-DR-53 Devices used to achieve automatic removal of the bypass of a protective IEEE Std. 603 sections 6.6 Operating Bypasses
function are part of the protection system and shall be designed in and 7.4 Operating Bypasses
accordance with these criteria.

RPS-DR-54 If the protective action of some part of the system has been bypassed or IEEE Std. 603 section 5.8 Information Displays
deliberately rendered inoperative for any purpose, this fact shall be and IEEE Std. 7-4.3.2 section 5.8 Information
continuously indicated in the control room. Displays

RPS-DR-55 The design shall permit the administrative control of the means for manually IEEE Std. 603 section 5.9 Control of Access and
bypassing channels or protective functions. IEEE Std. 7-4.3.2 section 5.9 Control of Access

RPS-DR-56 Where it is necessary to change to a more restrictive set point to provide IEEE Std. 603 section 6.8 Setpoints
adequate protection for a particular mode of operation or set of operating
conditions, the design shall provide positive means of assuring that the more
restrictive set point is used.

RPS-DR-57 The devices used to prevent improper use of less restrictive set points shall be | IEEE Std. 603 section 6.8 Setpoints
considered a part of the protection system and shall be designed in
accordance with the other provisions of these criteria regarding performance
and reliability.

RPS-DR-58 The protection system shall be so designed that, once initiated, a protective IEEE Std. 603 sections 5.2 Completion of

Protective Action and 7.3 Completion of
Protective Action
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ID # Requirement New Source / Basis
RPS-DR-59 Return to operation shall require subsequent deliberate operator action. IEEE Std. 603 sections 5.2 Completion of
Protective Action and 7.3 Completion of
Protective Action
RPS-DR-60 The protection system shall include means for manual initiation of each IEEE Std. 603 sections 6.2 Manual Control and
protective action at the system level (for example, reactor trip, containment 7.2 Manual Control
isolation, safety injection, core spray, etc).
RPS-DR-61 No single failure within the manual, automatic, or common portions of the IEEE Std. 603 section 7.2 Manual Control
protection system shall prevent initiation of protective action by manual or
automatic means.
RPS-DR-62 Manual initiation should depend upon the operation of a minimum of IEEE Std. 603 sections 6.2 Manual Control and
equipment. 7.2 Manual Control
RPS-DR-63 The design shall permit the administrative control of access to all set point IEEE Std. 603 section 5.9 Control of Access and
adjustments, module calibration adjustments, and test points. IEEE Std. 7-4.3.2 section 5.9 Control of Access
RPS-DR-64 Protective actions shall be indicated and identified down to the channel level. | IEEE Std. 603 section 5.8 Information Displays
and IEEE Std. 7-4.3.2 section 5.8 Information
Displays
RPS-DR-65 The protection system shall be designed to provide the operator with IEEE Std. 603 section 5.8 Information Displays
accurate, complete, and timely information pertinent to its own status and to | and IEEE Std. 7-4.3.2 section 5.8 Information
generating station safety. Displays
RPS-DR-66 The design shall minimize the development of conditions which would cause IEEE Std. 603 section 5.8 Information Displays
meters, annunciators, recorders, alarms, etc, to give anomalous indications and |IEEE Std. 7-4.3.2 section 5.8 Information
confusing to the operator. Displays
RPS-DR-67 The system shall be designed to facilitate the recognition, location, IEEE Std. 603 section 5.10 Repair

replacement, repair, or adjustment of malfunctioning components or
modules.
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ID # Requirement New Source / Basis

RPS-DR-68 In order to provide assurance that the requirements given in this document IEEE Std. 603 section 5.11 Identification and IEEE
can be applied during the design, construction, maintenance, and operation Std. 7-4.3.2 section 5.11 Identification
of the plant, the protection system equipment (for example, interconnecting
wiring, components, modules, etc), shall be identified distinctively as being in
the protection system.

RPS-DR-69 This identification shall distinguish between redundant portions of the IEEE Std. 603 section 5.11 Identification and IEEE
protection system. (In the installed equipment, components, or modules Std. 7-4.3.2 section 5.11 Identification
mounted in assemblies that are clearly identified as being in the protection
system do not themselves require identification.) All software, firmware, and
programmable logic shall be identified in accordance with IEEE Std. 7-4.3.2
Clause 5.11.

RPS-DR-70 RPS shall conform to the design criteria and features for Class 1E electric IEEE Std. 308 - Standard Criteria for Class 1E
systems to ensure that functional requirements under the conditions Power Systems for Nuclear Power Generating
produced by design basis events are met. Stations

RPS-DR-71 RPS shall conform to the methods for demonstrating the qualification of IEEE Std. 323 - Qualifying Class 1E Equipment for
Class 1E equipment including components or equipment of any interface Nuclear Power Generating Stations
whose failure could adversely affect the performance of Class 1E systems and
electronic equipment.

RPS-DR-72 RPS shall conform to the design and operational criteria for the performance IEEE Std. 338 - Criteria for the Periodic Testing of
of periodic testing of nuclear power generating station safety systems. Nuclear Power Generating Station Protection

Systems

RPS-DR-73 RPS shall meet its Class 1E performance requirements during and following IEEE Std. 344 - Guide for Seismic Qualification of
one SSE (safe shutdown earthquake) preceeded by a number of OBEs Class 1 Electric Equipment for Nuclear Power
(operating basis earthquakes). Generating Stations

RPS-DR-74 RPS shall meet the single failure criterion as described and classified in IEEE IEEE Std. 379 - Application of the Single-Failure

Std. 379.

Criterion to Nuclear Power Generating Station
Safety Systems
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ID#

Requirement

New Source / Basis

RPS-DR-75

RPS shall meet the criteria and requirements for establishing and maintaining
the independence of Class 1E equipment and circuits and auxiliary supporting
features by physical separation and electrical isolation.

IEEE Std. 384 - Criteria for Independence of Class
1E Equipment and Circuits

1129-0172-SPEC-001, Revision 2

Page 48 of 389




A.2 RPS Functional Requirements

1129-0172-SPEC-001, Revision 2 Page 49 of 389



RPS FUNCTIONAL REQUIREMENTS

following monitored parameters that are provided as
common inputs to the PPS platform and are shared by each
of the PPS functions:

¢ Reactor Vessel Pressure (RVP)
¢ Reactor Vessel Water Level 3 (RWL3)
¢ Drywell High Pressure (DHP)

GDC 25, GDC 29, IEEE
Std. 603/IEEE Std. 7-4.3.2

ID # PPS/RPS Requirement PPS/RPS Source / Basis Notes / Clarification
RPS-FR-1 The PPS/RPS shall be capable of initiating a scram signal GDC 10, GDC 12, GDC 20,
either automatically when any of the monitored GDC 25, GDC 29, IEEE
parameters exceeds a pre-established value, or by manual Std. 603/IEEE Std. 7-4.3.2
initiation.
RPS-FR-2 PPS/RPS shall be comprised of two (2) independent and GDC 21, Reg Guide 1.22, Reg
separate divisions (Division 1 and Division 2) Guide 1.53, IEEE
Std. 603/IEEE Std. 7-4.3.2,
IEEE Std. 379
RPS-FR-3 The PPS/RPS shall have four (4) independent channels GDC 21, Reg Guide 1.22, Reg | The four channels are common to both divisions.
(Channel A, Channel B, Channel C and Channel D) that each | Guide 1.53, IEEE
provide votes / sighals to 2004 voters in each of the Std. 603/IEEE Std. 7-4.3.2,
divisions. IEEE Std. 379
RPS-FR-4 Each channel shall receive an input from each of the GDC 10, GDC 12, GDC 20,
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ID#

PPS/RPS Requirement

PPS/RPS Source / Basis

Notes / Clarification

RPS-FR-5

Each channel shall receive contact input from each of the
following monitored parameters:

¢ Scram Discharge Volume Level HI (CI6)

¢ Main Steam Line Isolation Valve (MSIV) Position (CI7)
¢ Main Steam Line Isolation Valve (MSIV) Position (CI8)
 Turbine Stop Valve (TSV) Position (CI9)

¢ Turbine Stop Valve (TSV) Position (CI10)

GDC 20, GDC 29, IEEE
Std. 603/IEEE Std. 7-4.3.2

For CI7, the contact input is "seen" by the channel
as a single input but is comprised of two MSIV
inboard (IB) and outboard (OB) position contacts
connected in series and assigned to each channel
as follows:

Channel A: MSIV A (IB), MSIV A (OB)

Channel B: MSIV C (IB), MSIV C (OB)

Channel B: MSIV A (IB), MSIV A (OB)

Channel D: MSIV B (IB), MSIV B (OB)

For CI8, the contact input is "seen" by the channel
as a single input but is comprised of two MSIV
inboard (IB) and outboard (OB) position contacts
connected in series and assigned to each channel
as follows:

Channel A: MSIV B (IB), MSIV B (OB)

Channel B: MSIV D (IB), MSIV D (OB)

Channel C: MSIV C (IB), MSIV C (OB)

Channel D: MSIV D (IB), MSIV D (OB)

For Cl9, each channel shall receive a contact input
from the assigned TSV as follows:

Channel A: TSV 3

Channel B: TSV 1

Channel C: TSV 1

Channel D: TSV 2

For CI10, each channel shall receive a contact
input from the assigned TSV as follows:

Channel A: TSV 4

Channel B: TSV 2

Channel C: TSV 3

Channel D: TSV 4
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ID # PPS/RPS Requirement PPS/RPS Source / Basis Notes / Clarification
RPS-FR-6 Each channel shall receive contact input from each of the GDC 20, GDC 29, IEEE For CI11, The TCV contacts area assigned to each
following monitored parameters (cont'd): Std. 603/IEEE Std. 7-4.3.2 channel as follows:
Channel A: TCV 1
¢ Turbine Control Valve Fast Closure (Cl11) Channel B: TCV 3
¢ Source Range Neutron Flux (Cl12) Channel C: TCV 2
¢ IRM/OPRM/APRM Neutron Flux (Cl13) Channel D: TCV 4
¢ IRM/OPRM/APRM Neutron Flux (Cl14) For CI13, the contact input is "seen" by the

channel as a single input but is comprised of
several field contacts connected together for the
following parameters and assigned to each
channel as follows:

Channel A: IRM A/ APRM 1 / RMS

Channel B: IRM C/ APRM 3 / RMS

Channel C: IRM B / APRM 2 / RMS

Channel D: IRM D / APRM 4 / RMS

For Cl14, the contact input is "seen" by the
channel as a single input but is comprised of
several field contacts connected together for the
following parameters and assigned to each
channel as follows:

Channel A: IRM E / APRM 1 / RMS

Channel B: IRM G / APRM 3 / RMS

Channel C: IRM F / APRM 2 / RMS

Channel D: IRM H / APRM 4 / RMS

RPS-FR-7 Each channel shall also receive the following 4-20 mA Original Design
inputs:

e Scram Discharge Volume Level (SDVL)
¢ Turbine 1st Stage Pressure (TSP)
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ID # PPS/RPS Requirement PPS/RPS Source / Basis Notes / Clarification
RPS-FR-8 Each channel shall receive the following contact inputs: IEEE Std. 603/IEEE
¢ Reactor Mode Switch SCRAM (S/D mode (contact closed)) Std. 7-4.3.2
(C11)
e Reactor Mode Switch SCRAM Reset Interlock (S/D mode
(contact closed)) (CI2)
¢ Reactor Mode Switch MSIV Bypass (CI3)
¢ Reactor Mode Switch SDV HI Water Level Bypass (Cl4)
¢ Reactor Mode Switch SCRAM (S/D mode (contact open))
(CI5)
RPS-FR-9 Each input to a channel (mA or contact input) shall be voted | Project design approach The term "shall be voted on" indicates that the
on by the channel based on the condition (condition met or channel performs a bi-stable comparison against a
not met). pre-determined configurable setpoint to
determine whether the input is at or above/below
the setpont value.
RPS-FR-10 | Each channel shall provide the status of the vote (e.g. vote Project design approach The terms “scram”, “not scram”, “annunciate”
to scram or not scram; vote to annunciate, etc.) to each of describe different types of votes that may be
the divisions. provided by a channel. A particular vendor
solution may combine one or more of the vote
types into a single channel vote based on the
capabilities of the platform.
RPS-FR-11 | Each division shall determine whether the votes for each Project design approach
type of input satisfy the voting criteria (e.g. 2004).
RPS-FR-12 | Each division shall generate an output for a scram when the | Project design approach As an example, the RWL3 input to Channels A, B, C

required voting has been satisfied.

and D shall be sent to a 2004 voter in each of the
divisions (Division 1 and Division 2). When at least
two of the four RWL3 inputs to the 2004 voter
satisfy the vote to SCRAM, the associated division
generates an output.
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ID # PPS/RPS Requirement PPS/RPS Source / Basis Notes / Clarification
RPS-FR-13 Each input to a channel shall have an associated 2004 voter | GDC 21, Reg Guide 1.22, IEEE
within each division to ensure that trip inputs are voted Std. 603/IEEE Std. 7-4.3.2,
separately. IEEE Std. 379
RPS-FR-14 | A scram output signal from both divisions, at the same GDC 21, Reg Guide 1.22, IEEE | Each division shall de-energize its associated
time, shall be necessary to cause the PPS/RPS to initiate a Std. 603/IEEE Std. 7-4.3.2, SCRAM pilot solenoid valves. A single division
reactor scram (shutdown). IEEE Std. 379 shall not be capable of de-energizing both sets of
SCRAM pilot solenoid valves.
RPS-FR-15 | The PPS/RPS shall be a normally energized system (fail-safe | IEEE Std. 603/IEEE Std. 7-
type design). (i.e. initiate a scram on loss of electrical 4.3.2
power)
RPS-FR-16 | The PPS/RPS shall be powered by 120VAC +/- 10% (108 to Design driven
132 VAC) power.
RPS-FR-17 | The two divisions shall be isolated from each other. IEEE Std. 603/IEEE
Std. 7-4.3.2
RPS-FR-18 | Each division shall be clearly identified to reduce the IEEE Std. 603/IEEE
possibility of personnel causing inadvertent trips or Std. 7-4.3.2
undesired operating conditions.
RPS-FR-19 | All physical switches (as needed) and soft controls shall IEEE Std. 603/IEEE
provide both electrical and physical separation between the | Std. 7-4.3.2
logic trip channels and the divisions.
RPS-FR-20 | Failure of a single system component shall not prevent IEEE Std. 603/IEEE
normal protective action of the safety system. Std. 7-4.3.2
RPS-FR-21 | Redundant sensor circuits in each channel (e.g. sensors, IEEE Std. 603/IEEE

wiring, transmitter, amplifier) shall be electrically,
mechanically and physically independent so that they are
unlikely to be disabled by a common cause.

Std. 7-4.3.2
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ID # PPS/RPS Requirement PPS/RPS Source / Basis Notes / Clarification
RPS-FR-22 | Each division shall provide annunciation for AUTO SCRAM Reg Guide 1.47, IEEE
DIVISION and indicating light capability via the HMI and Std. 603/IEEE Std. 7-4.3.2
transmit computer data to the non-safety related (SR) DCS
platform when a scram output signal is initiated either
manually or automatically.
RPS-FR-23 Each division shall include a manual scram feature located GDC 21, Reg Guide 1.62, IEEE
in the control room that requires two distinct actions (e.g. Std. 603/IEEE Std. 7-4.3.2
arming prior to functioning) to be completed.
RPS-FR-24 | Each division manual scram feature shall provide IEEE Std. 603/IEEE
annunciation for MANUAL SCRAM SWITCH ARMED via the Std. 7-4.3.2
HMI upon completing the first distinct action.
RPS-FR-25 | Each division manual scram shall generate a scram output Project design approach
signal on the second distinct action.
RPS-FR-26 | Each division manual scram shall execute independent of Project design approach It is intended that the manual scram will not be
the division voting subject to software common cause failure of the
PPS logic.
RPS-FR-27 | A manually generated scram output signal from both GDC 21, Reg Guide 1.22, IEEE
divisions, at the same time, shall be necessary to cause the | Std. 603/IEEE Std. 7-4.3.2,
PPS/RPS to initiate a reactor scram (shutdown). IEEE Std. 379
RPS-FR-28 | Each channel shall provide a vote to scram to each division GDC 22, IEEE Std. 603/IEEE
when the CI5 input condition is met. (contact closure when | Std. 7-4.3.2
Reactor Mode Switch placed in Shutdown position)
RPS-FR-29 | Division 1 shall initiate a scram output signal when 2004 Project design approach
scram votes for CI5 input are received.
RPS-FR-30 | Division 2 shall initiate a scram output signal when 2004 Project design approach

scram votes for CI5 input are received.
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ID # PPS/RPS Requirement PPS/RPS Source / Basis Notes / Clarification
RPS-FR-31 | Each channel shall provide a vote to not scram to each GDC 22, IEEE Std. 603/IEEE This provides a bypass that allows each of the
division 10 seconds after the CI5 input condition is met Std. 7-4.3.2 divisions to be reset after 10 second in the
(contact closure when Reactor Mode Switch placed in presence of a closed contact for CI5.
Shutdown position).
RPS-FR-32 Each division shall provide annunciation for MANUAL IEEE Std. 603/IEEE Std. 7-
SCRAM and indicating light capability via the HMI and 4.3.2
transmit computer data to the non-SR DCS platform when a
CI5 scram output signal is initiated.
RPS-FR-33 | Each division shall provide annunciation for SHUTDOWN IEEE Std. 603/IEEE Std. 7-
MODE SCRAM BYPASSED via the HMI when 2004 not scram | 4.3.2
votes for CI5 input are received.
RPS-FR-34 | Each channel shall provide a vote to scram to each division GDC 20, GDC 29, IEEE Std.
when the Cl12 input condition is satisfied (contact open). 603/IEEE Std. 7-4.3.2
RPS-FR-35 | Division 1 shall initiate a scram output signal when 2004 Project design approach
scram votes for CI12 input are received.
RPS-FR-36 | Division 2 shall initiate a scram output signal when 2004 Project design approach
scram votes for CI12 input are received.
RPS-FR-37 | Each channel shall provide a vote to scram to each division GDC 10, GDC 12, GDC 20,
when the CI13 input is satisfied (contact open). GDC 29, |IEEE Std. 603/IEEE
Std. 7-4.3.2
RPS-FR-38 | Division 1 shall initiate a scram output signal when 2004 Project design approach
scram votes for CI13 input are received.
RPS-FR-39 | Division 2 shall initiate a scram output signal when 2004 Project design approach

scram votes for CI13 input are received.
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RPS-FR-40 | Each division shall provide annunciation for NEUTRON IEEE Std. 603/IEEE Std. 7-
MONITORING SYSTEM TRIP via the HMI and transmit 4.3.2
computer data to the non-SR DCS platform when a Cl13
scram output signal is initiated.

RPS-FR-41 Each channel shall provide a vote to scram to each division GDC 10, GDC 12, GDC 20,
when the Cl14 input is satisfied (contact open). GDC 29, IEEE Std. 603/IEEE

Std. 7-4.3.2

RPS-FR-42 | Division 1 shall initiate a scram output signal when 2004 Project design approach
scram votes for Cl14 input are received.

RPS-FR-43 | Division 2 shall initiate a scram output signal when 2004 Project design approach
scram votes for Cl14 input are received.

RPS-FR-44 | Each division shall provide annunciation for NEUTRON IEEE Std. 603/IEEE Std. 7-
MONITORING SYSTEM TRIP via the HMI and transmit 4.3.2
computer data to the non-SR DCS platform when a Cl14
scram output signal is initiated.

RPS-FR-45 | Each channel shall provide a vote to scram to each division GDC 20, GDC 29, IEEE Std.
when DHP exceeds setpoint high. 603/IEEE Std. 7-4.3.2

RPS-FR-46 | Division 1 shall initiate a scram output signal when 2004 Project design approach
scram votes for DHP input are received.

RPS-FR-47 | Division 2 shall initiate a scram output signal when 2004 Project design approach
scram votes for DHP input are received.

RPS-FR-48 | Each division shall provide annunciation for DRYWELL HlI IEEE Std. 603/IEEE Std. 7-

PRESS TRIP via the HMI and transmit computer data to the
non-SR DCS platform when a DHP scram output signal is
initiated.

4.3.2
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RPS-FR-49 Each channel shall provide a vote to annunciate to each IEEE Std. 603/IEEE Std. 7-
division when DHP exceeds setpoint high. 4.3.2

RPS-FR-50 | Division 1 shall provide annunciation for DRYWELL HI/LO Project design approach
PRESS via the HMI when 2004 annunciate votes for DHP
high input are received.

RPS-FR-51 | Division 2 shall provide provide annunciation for DRYWELL Project design approach
HI/LO PRESS via the HMI when 2004 annunciate votes for
DHP high input are received.

RPS-FR-52 Each channel shall provide a vote to annunciate to each IEEE Std. 603/IEEE Std. 7-
division when DHP exceeds setpoint low. 4.3.2

RPS-FR-53 | Division 1 shall provide provide annunciation for DRYWELL Project design approach
HI/LO PRESS via the HMI when 2004 annunciate votes for
DHP low input are received.

RPS-FR-54 | Division 2 shall provide provide annunciation for DRYWELL Project design approach
HI/LO PRESS via the HMI when 2004 annunciate votes for
DHP low input are received.

RPS-FR-55 | Each channel shall provide a vote to scram to each division GDC 20, GDC 29, IEEE Std.
when RVP exceeds setpoint high. 603/IEEE Std. 7-4.3.2

RPS-FR-56 | Division 1 shall initiate a scram output signal when 2004 Project design approach
scram votes for RVP input are received.

RPS-FR-57 | Division 2 shall initiate a scram output signal when 2004 Project design approach
scram votes for RVP input are received.

RPS-FR-58 | Each division shall provide annunciation for REACTOR HI IEEE Std. 603/I1EEE Std. 7-

PRESS TRIP via the HMI and transmit computer data to the
non-SR DCS platform when a RVP scram output signal is
initiated.

4.3.2
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RPS-FR-59 Each channel shall provide a vote to scram to each division GDC 20, GDC 29, IEEE Std.
when RWL3 exceeds setpoint low. 603/IEEE Std. 7-4.3.2

RPS-FR-60 | Division 1 shall initiate a scram output signal when 2004 Project design approach
scram votes for RWL3 input are received.

RPS-FR-61 | Division 2 shall initiate a scram output signal when 2004 Project design approach
scram votes for RWL3 input are received.

RPS-FR-62 Each division shall provide annunciation for REACTOR IEEE Std. 603/IEEE Std. 7-
WATER BELOW LEVEL 3 TRIP via the HMI and transmit 4.3.2
computer data to the non-SR DCS platform when a RWL3
scram output signal is initiated.

RPS-FR-63 Each channel shall provide a vote to scram to each division GDC 20, GDC 29, IEEE Std.
when SDVL exceeds setpoint high. 603/IEEE Std. 7-4.3.2

RPS-FR-64 | Division 1 shall initiate a scram output signal when 2004 Project design approach
scram votes for SDVL input are received.

RPS-FR-65 | Division 2 shall initiate a scram output signal when 2004 Project design approach
scram votes for SDVL input are received.

RPS-FR-66 | Each division shall provide annunciation for SCRAM IEEE Std. 603/I1EEE Std. 7-
DISCHARGE VOLUME HI LEVEL TRIP via the HMI and 4.3.2
transmit computer data to the non-SR DCS platform when a
SDVL scram output signal is initiated

RPS-FR-67 | Each channel shall provide a vote to scram to each division Project design approach
when CI6 is satisfied (contact open).

RPS-FR-68 | Division 1 shall initiate a scram output signal when 2004 Project design approach

scram votes for CI6 input are received.
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RPS-FR-69 | Division 2 shall initiate a scram output signal when 2004 Project design approach
scram votes for CI6 input are received.

RPS-FR-70 | Each division shall provide annunciation for SCRAM IEEE Std. 603/IEEE Std. 7-
DISCHARGE VOLUME HI LEVEL TRIP via the HMI and 4.3.2
transmit computer data to the non-SR DCS platform when a
Cl6 scram output signal is initiated.

RPS-FR-71 | Each channel shall provide a vote to bypass to each division | Project design approach
if Cl4 is satisfied (contact closed).

RPS-FR-72 Each division shall provide a means, under administrative IEEE Std. 603/IEEE Std. 7-
control, to manually bypass each channel's SDVL vote to 4.3.2
scram when 2004 bypass votes for Cl4 input are received.

RPS-FR-73 | Each division shall provide a means, under administrative IEEE Std. 603/I1EEE Std. 7-
control, to manually bypass each channel's ClI6 vote to 4.3.2
scram when 2004 bypass votes for Cl4 input are received.

RPS-FR-74 | Each division shall provide annunciation for SCRAM IEEE Std. 603/IEEE Std. 7-
DISCHARGE VOLUME HI LEVEL SCRAM BYPASSED via the 4.3.2
HMI when SDVL is bypassed.

RPS-FR-75 | Each division shall provide annunciation for SCRAM IEEE Std. 603/IEEE Std. 7-
DISCHARGE VOLUME HI LEVEL SCRAM BYPASSED via the 4.3.2
HMI when CI6 is bypassed.

RPS-FR-76 | Each division shall generate an output to RMCS for Rod System Interface

Withdrawal Block interlock when SDVL and CI6 are
bypassed.
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division to provide a bypass of the MSIV CI8 input when CI3
is satisfied (contact closed)

Std. 7-4.3.2

ID # PPS/RPS Requirement PPS/RPS Source / Basis Notes / Clarification
RPS-FR-77 Division 1 shall provide a means to manually test the GDC 21, GDC 22, IEEE Std.
closure function of the SDV Vent and Drain Isolation Valves | 603/IEEE Std. 7-4.3.2
by de-energizing 120VAC solenoid A of valves C11-FO09 and
C11-F182.
RPS-FR-78 | Division 2 shall provide a means to manually test the GDC 21, GDC 22, IEEE Std.
closure function of the SDV Vent and Drain Isolation Valves | 603/IEEE Std. 7-4.3.2
by de-energizing 120VAC solenoid B of valves C11-FO09 and
C11-F182.
RPS-FR-79 | Each channel shall provide a vote to scram to each division GDC 20, GDC 29, IEEE Std.
when MSIV inputs CI7 and CI8 are satisfied (contact open). 603/IEEE Std. 7-4.3.2
RPS-FR-80 | Division 1 shall initiate a scram output signal when 2004 GDC 20, GDC 29, IEEE Std.
scram votes for MSIV CI7/CI8 are received. 603/IEEE Std. 7-4.3.2
RPS-FR-81 | Division 2 shall initiate a scram output signal when 2004 GDC 20, GDC 29, IEEE Std.
scram votes for MSIV CI7/CI8 are received. 603/IEEE Std. 7-4.3.2
RPS-FR-82 Each division shall provide annunciation for MSIV NOT IEEE Std. 603/IEEE Std. 7-
FULLY OPEN TRIP via the HMI and transmit computer data 4.3.2
to the non-SR DCS platform when a MSIV CI7/CI8 scram
output signal is initiated.
RPS-FR-83 Each channel shall provide a vote to not scram to each GDC 22, IEEE Std. 603/IEEE
division to provide a bypass of the MSIV CI7 input when CI3 | Std. 7-4.3.2
is satisfied (contact closed)
RPS-FR-84 | Each channel shall provide a vote to not scram to each GDC 22, IEEE Std. 603/IEEE
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"B" when the TSV CI9/CI10 scram output signal is initiated.

603/IEEE Std. 7-4.3.2

ID # PPS/RPS Requirement PPS/RPS Source / Basis Notes / Clarification

RPS-FR-85 Each division shall provide annunciation for MSIV CLOSURE IEEE Std. 603/IEEE Std. 7-
SCRAM BYPASSED via the HMI when 2004 not scram votes 4.3.2
for MSIV CI7 input are received.

RPS-FR-86 | Each division shall provide annunciation for MSIV CLOSURE IEEE Std. 603/IEEE Std. 7-
SCRAM BYPASSED via the HMI when 2004 not scram votes 4.3.2
for MSIV CI8 input are received.

RPS-FR-87 Each channel shall provide the means to manually test the GDC 21, GDC 22, IEEE Std.
MSIV inputs for the MSIVs associated with the channel, one | 603/IEEE Std. 7-4.3.2
steam line at a time.

RPS-FR-88 | Each channel shall provide a vote to scram to each division GDC 20, GDC 29, IEEE Std.
when TSV inputs CI9 and CI10 are satisfied (contact open). 603/IEEE Std. 7-4.3.2

RPS-FR-89 | Division 1 shall initiate a scram output signal when 2004 GDC 20, GDC 29, IEEE Std.
scram votes for TSV CI9/CI10 are received. 603/IEEE Std. 7-4.3.2

RPS-FR-90 | Division 2 shall initiate a scram output signal when 2004 GDC 20, GDC 29, IEEE Std.
scram votes for TSV CI9/CI10 are received. 603/IEEE Std. 7-4.3.2

RPS-FR-91 Each division shall provide annunciation for TURBINE STOP IEEE Std. 603/IEEE Std. 7-
VALVE CLOSURE TRIP via the HMI and transmit computer 4.3.2
data to the non-SR DCS platform when a TSV CI19/CI10
scram output signal is initiated.

RPS-FR-92 | Division 1 shall provide one output to Recirc Pump trip logic | Reg Guide 1.47, IEEE Std.
"A" when the TSV CI9/CI10 scram output signal is initiated. 603/IEEE Std. 7-4.3.2

RPS-FR-93 | Division 1 shall provide indicating light capability via the Reg Guide 1.47, IEEE Std.
HMI when the TSV CI9/CI10 scram output signal is initiated. | 603/IEEE Std. 7-4.3.2

RPS-FR-94 | Division 1 shall provide one output to Recirc Pump trip logic | Reg Guide 1.47, IEEE Std.
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RPS-FR-95 | Division 1 shall provide indicating light capability via the Reg Guide 1.47, IEEE Std.
HMI when the TSV CI9/CI10 scram output signal is initiated. | 603/IEEE Std. 7-4.3.2
RPS-FR-96 | Division 2 shall provide one output to Recirc Pump trip logic | Reg Guide 1.47, IEEE Std.
"A" when the TSV CI9/CI10 scram output signal is initiated. 603/IEEE Std. 7-4.3.2
RPS-FR-97 | Division 2 shall provide indicating light capability via the Reg Guide 1.47, IEEE Std.
HMI when the TSV CI9/CI10 scram output signal is initiated. | 603/IEEE Std. 7-4.3.2
RPS-FR-98 | Division 2 shall provide one output to Recirc Pump trip logic | Reg Guide 1.47, IEEE Std.
"B" when the TSV CI9/CI10 scram output signal is initiated. 603/IEEE Std. 7-4.3.2
RPS-FR-99 | Division 2 shall provide indicating light capability via the Reg Guide 1.47, IEEE Std.
HMI when the TSV CI9/CI10 scram output signal is initiated. | 603/IEEE Std. 7-4.3.2
RPS-FR-100 | Each channel shall provide a vote to inhibit to each division | Project design approach
when TSP is below setpoint.
RPS-FR-101 | Division 1 shall inhibit the TSV related outputs to Recirc System Interface
Pump trip logic "A" when 2004 inhibit votes for TSP are
received.
RPS-FR-102 | Division 1 shall inhibit the TSV related outputs to Recirc Project design approach
Pump trip logic "B" when 2004 inhibit votes for TSP are
received.
RPS-FR-103 | Division 2 shall inhibit the TSV related outputs to Recirc Project design approach
Pump trip logic "A" when 2004 inhibit votes for TSP are
received.
RPS-FR-104 | Division 2 shall inhibit the TSV related outputs to Recirc Project design approach

Pump trip logic "B" when 2004 inhibit votes for TSP are
received.
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RPS-FR-105 | Each channel shall provide a vote to not scram to each GDC 20, GDC 29, IEEE Std.
division to provide a bypass of the TSV CI9 input when TSP 603/IEEE Std. 7-4.3.2
is below setpoint.

RPS-FR-106 | Each channel shall provide a vote to not scram to each GDC 20, GDC 29, IEEE Std.
division to provide a bypass of the TSV CI10 input when TSP | 603/IEEE Std. 7-4.3.2
is below setpoint.

RPS-FR-107 | Each division shall provide annunciation for TURBINE IEEE Std. 603/IEEE Std. 7-
CONTROL VALVE / STOP VALVE BYPASSED via the HMI when | 4.3.2
2004 not scram votes for TSV CI9 input are received.

RPS-FR-108 | Each division shall provide annunciation for TURBINE IEEE Std. 603/IEEE Std. 7-
CONTROL VALVE / STOP VALVE BYPASSED via the HMI when | 4.3.2
2004 not scram votes for TSV CI10 input are received.

RPS-FR-109 | Each channel shall provide the means to manually test the GDC 21, GDC 22, IEEE Std.
TSV inputs for the TSVs associated with the channel, one 603/IEEE Std. 7-4.3.2
steam line at a time.

RPS-FR-110 | Each channel shall provide a vote to scram to each division GDC 20, GDC 29, IEEE Std.
when TCV input CI11 is satisfied (contact open). 603/IEEE Std. 7-4.3.2

RPS-FR-111 | Division 1 shall initiate a scram output signal when 2004 GDC 20, GDC 29, IEEE Std.
scram votes for TCV Cl11 are received. 603/IEEE Std. 7-4.3.2

RPS-FR-112 | Division 2 shall initiate a scram output signal when 2004 GDC 20, GDC 29, IEEE Std.
scram votes for TCV ClI11 are received. 603/IEEE Std. 7-4.3.2

RPS-FR-113 | Each division shall provide annunciation for TURBINE IEEE Std. 603/IEEE Std. 7-

CONTROL VALVE FAST CLOSURE TRIP via the HMI and
transmit computer data to the non-SR DCS platform when a
TCV ClI11 scram output signal is initiated.

4.3.2
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RPS-FR-114 | Division 1 shall provide one output to Recirc Pump trip logic | Reg Guide 1.47, IEEE Std.
"A" when the TCV CI11 scram output signal is initiated. 603/IEEE Std. 7-4.3.2
RPS-FR-115 | Division 1 shall provide indicating light capability via the Reg Guide 1.47, IEEE Std.
HMI when the TCV CI11 scram output signal is initiated. 603/IEEE Std. 7-4.3.2
RPS-FR-116 | Division 1 shall provide one output to Recirc Pump trip logic | Reg Guide 1.47, IEEE Std.
"B" when the TCV CI11 scram output signal is initiated. 603/IEEE Std. 7-4.3.2
RPS-FR-117 | Division 1 shall provide indicating light capability via the Reg Guide 1.47, IEEE Std.
HMI when the TCV CI11 scram output signal is initiated. 603/IEEE Std. 7-4.3.2
RPS-FR-118 | Division 2 shall provide one output to Recirc Pump trip logic | Reg Guide 1.47, IEEE Std.
"A" when the TCV CI11 scram output signal is initiated. 603/IEEE Std. 7-4.3.2
RPS-FR-119 | Division 2 shall provide indicating light capability via the Reg Guide 1.47, IEEE Std.
HMI when the TCV CI11 scram output signal is initiated. 603/IEEE Std. 7-4.3.2
RPS-FR-120 | Division 2 shall provide one output to Recirc Pump trip logic | Reg Guide 1.47, IEEE Std.
"B" when the TCV ClI11 scram output signal is initiated. 603/IEEE Std. 7-4.3.2
RPS-FR-121 | Division 2 shall provide indicating light capability via the Reg Guide 1.47, IEEE Std.
HMI when the TCV CI11 scram output signal is initiated. 603/IEEE Std. 7-4.3.2
RPS-FR-122 | Each channel shall provide a vote to not scram to each IEEE Std. 603/IEEE Std. 7-
division to provide a bypass of the TCV input (Cl11) when 43.2
TSP is below setpoint.
RPS-FR-123 | Each division shall provide annunciation for TURBINE IEEE Std. 603/IEEE Std. 7-
CONTROL VALVE / STOP VALVE BYPASSED via the HMI when | 4.3.2
2004 not scram votes for TCV ClI11 input are received.
RPS-FR-124 | Each channel shall provide a vote to inhibit to each division | IEEE Std. 603/IEEE Std. 7-

when TSP is below setpoint.

4.3.2
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RPS-FR-125 | Division 1 shall inhibit the TCV related outputs to Recirc IEEE Std. 603/IEEE Std. 7-
Pump trip logic "A" when 2004 inhibit votes for TSP input 43.2
are received.

RPS-FR-126 | Division 1 shall inhibit the TCV related outputs to Recirc IEEE Std. 603/IEEE Std. 7-
Pump trip logic "B" when 2004 inhibit votes for TSP input 43.2
are received.

RPS-FR-127 | Division 2 shall inhibit the TCV related outputs to Recirc IEEE Std. 603/IEEE Std. 7-
Pump trip logic "A" when 2004 inhibit votes for TSP input 43.2
are received.

RPS-FR-128 | Division 2 shall inhibit the TCV related outputs to Recirc IEEE Std. 603/IEEE Std. 7-
Pump trip logic "B" when 2004 inhibit votes for TSP input 4.3.2
are received.

RPS-FR-129 | Each division shall inhibit the reset of the scram output IEEE Std. 603/IEEE Std. 7-
signal and logic for 10 seconds following a full scram 4.3.2
condition.

RPS-FR-130 | Each division shall provide a means for manually resetting a | IEEE Std. 603/IEEE Std. 7-

SCRAM as follows:

¢ Provide an output that restores 120VAC power to both
the "A" and "B" solenoids of scram pilot valves for rod
groups 1 through 4

* Provide an output that restores 120VAC power to the
both the "A" and "B" solenoids for the SDV Vent and Drain
Pilot valves

¢ Provide an output that removes 125VDC power from the
"A" and "B" backup scram valve solenoids

4.3.2
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RPS-FR-131 | Each division shall provide a means, under administrative Reg Guide 1.47, IEEE Std.
control, to disable the TSV and TCV related outputs to 603/IEEE Std. 7-4.3.2
Recirc Pump trip logic "A" and Recirc Pump trip logic "B"
and provide annunciation via the HMI.
RPS-FR-132 | Division 1 scram output signals shall function to de-energize | GDC 21, Reg Guide 1.22, Reg | Each scram pilot valve has two solenoids: one that
the 120 VAC "A" solenoids for the Scram Pilot valves Guided 1.47, IEEE Std. receives a signal from Division 1 and the other
(Groups 1 through 4). 603/IEEE Std. 7-4.3.2, IEEE from Division 2.
Std. 379 There are 185 scram pilot valves arranged in four
groups:
Group 1: 45 scram pilot valves; Group 2: 45 scram
pilot valves; Group 3: 47 scram pilot valves; Group
4: 48 scram pilot valves
RPS-FR-133 | On a scram output, Division 1 shall provide annunciation for | GDC 21, Reg Guide 1.22, Reg
AUTO SCRAM and indicating light capability via the HMI and | Guided 1.47, IEEE Std.
transmit computer data to the non-SR DCS platform. 603/IEEE Std. 7-4.3.2, IEEE
Std. 379
RPS-FR-134 | Division 2 scram output signals shall function to de-energize | GDC 21, Reg Guide 1.22, Reg
the 120 VAC "B" solenoids for the Scram Pilot valves Guided 1.47, IEEE Std.
(Groups 1 through 4). 603/IEEE Std. 7-4.3.2, |EEE
Std. 379
RPS-FR-135 | On a scram output, Division 2 shall provide annunciation for | GDC 21, Reg Guide 1.22, Reg
AUTO SCRAM and indicating light capability via the HMI and | Guided 1.47, IEEE Std.
transmit computer data to the non-SR DCS platform. 603/IEEE Std. 7-4.3.2, IEEE
Std. 379
RPS-FR-136 | Division 1 scram output signals shall function to de-energize | GDC 21, Reg Guide 1.22, IEEE | There are two SDV Vent and Drain Pilot valves

the 120 VAC "A" and "B" solenoids for the SDV Vent and
Drain Pilot valves.

Std. 603/IEEE Std. 7-4.3.2,
IEEE Std. 379

each with two solenoids (Train A solenoid and
Train B solenoid). Each requires a signal from both
Trip Systems to function.
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RPS-FR-137 | Division 2 scram output signals shall function to de-energize | GDC 21, Reg Guide 1.22, IEEE
the 120 VAC "A" and "B" solenoids for the SDV Vent and Std. 603/IEEE Std. 7-4.3.2,
Drain Pilot valves. IEEE Std. 379
RPS-FR-138 | Each division shall provide a scram output signal to the System Interface
Feedwater System.
RPS-FR-139 | Each division shall provide SR to NSR isolation for the Project design approach
output signal to the NSR Feedwater System.
RPS-FR-140 | Each division scram output signal shall function to energize | IEEE Std. 603/IEEE Std. 7- There are two Back-up Scram solenoid valves (one
the 125 VDC solenoids for the "A" and "B" Back-up Scram 4.3.2 associated with Trip System A, and one associated
valves. (Note that scram signals from both Division 1 and with Trip System B).
Division 2 are required to energize the 125 VDC solenoids
for the Back-up Scram valves.)
RPS-FR-141 | Upon energization of the 125 VDC solenoids for the Back-up | IEEE Std. 603/IEEE Std. 7-
Scram valves, each division shall provide data for display via | 4.3.2
the HMI and to the non-SR DCS platform.
RPS-FR-142 | In response to valve position sensor contact inputs from IEEE Std. 603/IEEE Std. 7-
each of two SDV vent valves, each division shall provide 43.2
indicating lights via the HMI and transmit computer data to
the non-SR DCS platform to indicate open position.
RPS-FR-143 | In response to valve position sensor contact inputs from IEEE Std. 603/IEEE Std. 7-
each of two SDV vent valves, each division shall provide 43.2
indicating lights via the HMI to indicate close position.
RPS-FR-144 | In response to valve position sensor contact inputs from IEEE Std. 603/IEEE Std. 7-

each of two SDV drain valves, each division shall provide
indicating lights via the HMI and transmit computer data to
the non-SR DCS platform to indicate open position.

4.3.2
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RPS-FR-145 | In response to valve position sensor contact inputs from IEEE Std. 603/IEEE Std. 7-
each of two SDV drain valves, each division shall provide 43.2
indicating lights via the HMI to indicate close position.
RPS-FR-146 | Each division shall provide a means to manually provide IEEE Std. 603/IEEE Std. 7-
annunciation and an alarm light via the HMI. 4.3.2
RPS-FR-147 | The maximum operating time from receipt of a condition IEEE Std. 603/IEEE Std. 7- Ensures that the RPS logic responds sufficiently
met signal (contact state change or analog signal exceeding | 4.3.2 fast so as to be effective in limiting the various
setpoint), to and including opening of the contacts on the transients. The 50 milliseconds is an analytical
main trip actuators (scram contactors), shall be less than 50 limit used in transient analyses that involve the
milliseconds. scram function.
RPS-FR-148 | Each division shall provide annunciation via the HMI in IEEE Std. 603/IEEE Std. 7-
response to an unacceptable operating status condition. 4.3.2
RPS-FR-149 | Each channel shall provide the means to perform functional | GDC 21, Reg Guide 1.22, IEEE
tests during normal plant operation. Std. 603/IEEE Std. 7-4.3.2,
IEEE Std. 338
RPS-FR-150 | Each channel and each division shall provide sufficient Project design approach
features and documented evaluations to support
elimination of most Technical Specification Surveillance
Tests, and minimize the requirements for manual
calibration checks.
RPS-FR-151 | For all PPS inputs that have the potential to require manual | Project design approach

test insertion or external measurement of input or output
values (i.e., use of an external digital multi meter by a
technician), test jacks are provided in the cabinets.
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ID#

PPS/RPS Requirement

PPS/RPS Source / Basis

Notes / Clarification

RPS-FR-152

For all inputs that have the potential to require manual
multi-point calibration checks with external calibration
equipment, knife edge disconnects along with test jacks are
incorporated in the field termination panels.

Project design approach
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ID #

Requirement

New Source / Basis

N4S-DR-1

Structures, systems, and components important to safety shall be designed,
fabricated, erected, and tested to quality standards commensurate with the
importance of the safety functions to be performed. Where generally
recognized codes and standards are used, they shall be identified and
evaluated to determine their applicability, adequacy, and sufficiency and shall
be supplemented or modified as necessary to assure a quality product in
keeping with the required safety function. A quality assurance program shall
be established and implemented in order to provide adequate assurance that
these structures, systems, and components will satisfactorily perform their
safety functions. Appropriate records of the design, fabrication, erection, and
testing of structures, systems, and components important to safety shall be
maintained by or under the control of the nuclear power unit licensee
throughout the life of the unit.

GDC 1 - Quality standards and records.

N4S-DR-2

Structures, systems, and components important to safety shall be designed to
withstand the effect of natural phenomena such as earthquakes, tornadoes,
hurricanes, floods, tsunami, and seiches without loss of capability to perform
their safety functions.

GDC 2 - Design Bases for Protection Against
Natural Phenomena

N4S-DR-3

Structures, systems, and components important to safety shall be designed
and located to minimize, consistent with other safety requirements, the
probability and effect of fires and explosions.

GDC 3 - Fire protection

N4S-DR-4

Structures, systems, and components important to safety shall be designed to
accommodate the effects of and to be compatible with the environmental
conditions associated with normal operation, maintenance, testing, and
postulated accidents, including loss-of-coolant accidents (LOCAs).

GDC 4 - Environmental and dynamic effects
design bases

N4S-DR-5

The reactor core and associated coolant, control, and protection systems shall
be designed with appropriate margin to assure that specified acceptable fuel
design limits are not exceeded during any condition of normal operation,
including the effects of anticipated operational occurrences.

GDC 10 - Reactor design
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ID #

Requirement

New Source / Basis

N4S-DR-6

Instrumentation shall be provided to monitor variables and systems over their
anticipated ranges for normal operation, for anticipated operational
occurrences, and for accident conditions as appropriate to assure adequate
safety, including those variables and systems that can affect the fission
process, the integrity of the reactor core, the reactor coolant pressure
boundary, and the containment and its associated systems. Appropriate
controls shall be provided to maintain these variables and systems within
prescribed operating ranges.

GDC 13 - Instrumentation and control

N4S-DR-7

A control room shall be provided from which actions can be taken to operate
the nuclear power unit safely under normal conditions and to maintain itin a
safe condition under accident conditions, including loss-of-coolant accidents.
Adequate radiation protection shall be provided to permit access and
occupancy of the control room under accident conditions without personnel
receiving radiation exposures in excess of 5 rem whole body, or its equivalent
to any part of the body, for the duration of the accident. Equipment at
appropriate locations outside the control room shall be provided (1) with a
design capability for prompt hot shutdown of the reactor, including necessary
I&C to maintain the unit in a safe condition during hot shutdown, and (2) with
a potential capability for subsequent cold shutdown of the reactor through
the use of suitable procedures.

GDC 19 - Control Room

N4S-DR-8

The protection system shall be designed (1) to initiate automatically the
operation of appropriate systems including the reactivity control systems, to
assure that specified acceptable fuel design limits are not exceeded as a result
of anticipated operational occurrences and (2) to sense accident conditions
and to initiate the operation of systems and components important to safety.

GDC 20 - Protection system functions
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ID #

Requirement

New Source / Basis

N4S-DR-9

The protection system shall be designed for high functional reliability and in-
service testability commensurate with the safety functions to be performed.
Redundancy and independence designed into the protection system shall be
sufficient to assure that (1) no single failure results in loss of the protection
function and (2) removal from service of any component or channel does not
result in loss of the required minimum redundancy unless the acceptable
reliability of operation of the protection system can be otherwise
demonstrated. The protection system shall be designed to permit periodic
testing of its functioning when the reactor is in operation, including a
capability to test channels independently to determine failures and losses of
redundancy that may have occurred.

GDC 21 - Protection system reliability and

testability

N4S-DR-10

The protection system shall be designed to assure that the effects of natural
phenomena, and of normal operating, maintenance, testing, and postulated
accident conditions on redundant channels do not result in loss of the
protection function, or shall be demonstrated to be acceptable on some other
defined basis. Design techniques, such as functional diversity or diversity in
component design and principles of operation, shall be used to the extent
practical to prevent loss of the protection function.

GDC 22- Protection system independence

N4S-DR-11

The protection system shall be designed to fail into a safe state or into a state
demonstrated to be acceptable on some other defined basis if conditions such
as disconnection of the system, loss of energy (e.g., electric power,
instrument air), or postulated adverse environments (e.g., extreme heat or
cold, fire, pressure, steam, water, and radiation) are experienced.

GDC 23 - Protection system failure modes

N4S-DR-12

The protection system shall be separated from control systems to the extent
that failure of any single control system component or channel, or failure or
removal from service of any single protection system component or channel
which is common to the control and protection systems leaves intact a system
satisfying all reliability, redundancy, and independence requirements of the
protection system. Interconnection of the protection and control systems
shall be limited so as to assure that safety is not significantly impaired.

GDC 24 - Separation of protection and control

systems
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ID # Requirement New Source / Basis

N4S-DR-13 The protection and reactivity control systems shall be designed to assure an GDC 29 - Protection against anticipated
extremely high probability of accomplishing their safety functions in the event | operational occurrences
of anticipated operational occurrences.

N4S-DR-14 A system to remove residual heat shall be provided. The system safety GDC 34 - Residual heat removal.
function shall be to transfer fission product decay heat and other residual
heat from the reactor core at a rate such that specified acceptable fuel design
limits and the design conditions of the reactor coolant pressure boundary are
not exceeded.

N4S-DR-15 The protection system shall be designed to permit periodic testing of its Regulatory Guide 1.22 - Periodic Testing of
initiation functions inclusive of the actuation devices and actuated equipment | Protection System Actuation Functions (Safety
when the reactor is in operation. Guide 22)

N4S-DR-16 Those structures, systems, and components (SSC) that should be designed to Regulatory Guide 1.29 - Seismic Design
remain functional if the Safe Shutdown Earthquake (SSE) occurs shall be Classification
designated as Seismic Category |. (This includes Systems or portions of
systems that are required for reactor shutdown; all electric and mechanical
devices and circuitry between the process and the input terminals of the
actuator systems involved in generating signals that initiate protective action;
systems or portions of systems that are required for (1) monitoring of systems
important to safety and (2) actuation of systems important to safety.)

N4S-DR-17 The N4S shall comply with the requirements of Appendix B to 10 CFR Part 50 Regulatory Guide 1.30 - Quality Assurance
for the installation, inspection, and testing of nuclear power plant Requirements for the Installation, Inspection,
instrumentation and electric equipment. and Testing of Instrumentation and Electric

Equipment (Safety Guide 30)

N4S-DR-18 The N4S shall meet the requirements for indicating the bypass or inoperable Regulatory Guide 1.47 - Bypassed and

status of portions of the protection system, systems actuated or controlled by
the protection system, and auxiliary or supporting systems that must be
operable for the protection system and the system it actuates to perform
their safety-related functions:

Inoperable Status Indication for Nuclear Power
Plant Safety Systems
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(1) provide information required to permit the operator to take preplanned
manual actions to accomplish safe plant shutdown;

(2) determine whether the reactor trip, engineered safety feature systems,
and manually initiated safety systems and other systems important to safety
are performing their intended functions (i.e., reactivity control, core cooling,
maintaining reactor coolant system integrity, and maintaining containment
integrity);

(3) provide information to the operators that will enable them to determine
the potential for causing a gross breach of the barriers to radioactivity release
(i.e., fuel cladding, reactor coolant pressure boundary, and containment) and
to determine if a gross breach of a barrier has occurred.

ID # Requirement New Source / Basis
N4S-DR-19 The N4S shall comply with the IEEE Std. 279 requirement that any single Regulatory Guide 1.53 - Application of the
failure within the protection system shall not prevent proper protective action | Single-Failure Criterion to Safety Systems
at the system level when required, by utilizing the guidance in IEEE Std. 379-
1972 for applying the single-failure criterion to the design and analysis of
nuclear power plant protection systems.
N4S-DR-20 The N4S shall provide a means for manual initiation of protective actions. Regulatory Guide 1.62 - Manual Initiation of
Protective Actions
N4S-DR-21 The N4S shall meet the requirements for physical independence of the circuits | Regulatory Guide 1.75 - Physical Independence
and electric equipment comprising or associated with the Class 1E power of Electric Systems
system, the protection system, systems actuated or controlled by the
protection system, and auxiliary or supporting systems that must be operable
for the protection system and the systems it actuates to perform their safety
related functions.
N4S-DR-22 The N4S shall comply with design verification requirements to verify adequacy | Regulatory Guide 1.89 - Environmental
of design under the most adverse design conditions. Qualification of Certain Electric Equipment
Important to Safety for Nuclear Power Plants
N4S-DR-23 The N4S shall comply with the requirement to: Regulatory Guide 1.97 - Criteria for Accident

Monitoring Instrumentation for Nuclear Power
Plants
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ID # Requirement New Source / Basis

N4S-DR-24 The N4S shall comply with design verification requirements to verify the Regulatory Guide 1.100 - Seismic Qualification

seismic adequacy of electric equipment. of Electric and Mechanical Equipment for
Nuclear Power Plants

N4S-DR-25 The N4S design shall implement setpoints that assure sufficient margin Regulatory Guide 1.105 - Instrument Setpoint
between Technical Specification limits and the trip setpoint to account for
instrument inaccuracy, calibration uncertainties and instrument drift.
Consideration of instrument span and range as well as environmental
influences must be included.

N4S-DR-26 The N4S shall comply with the requirements for periodic testing of electric Regulatory Guide 1.118 - Periodic Testing of
power and protection systems. Electric Power and Protection Systems

N4S-DR-27 N4S shall, with precision and reliability, initiate the closure of specific isolation | IEEE Std. 603, Section 5.0 Safety System Criteria
valves based on the sensing of specified process variables. and 6.1 Automatic Control
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ID #

Requirement

New Source / Basis

N4S-DR-28

The listed N4S isolation shall initiate when the monitored plant parameter
exceeds the following trip setpoint:

Reactor Vessel Water Level 1 <-129 inches
Reactor Vessel Water Level 2 <-38 inches

Reactor Vessel Water Level 3 <12.5 inches

Drywell High Pressure > 1.68 psig

Reactor Pressure < 455 psig

Main Steam Line Pressure < 840 psig

Main Steam Line Flow > 122.1 psid

Condenser Vacuum 10.5 psia

Outboard MSIV Room Temp > 192°F

Turbine Encl - Main Steam Line Tunnel Temp > 192°F
Reactor Vessel Pressure > 75 psig

RWCS A flow > 54.9 gpm

RWCS HX Room Area Temp > 120°F

RWCS Pump Room Area Temp > 155°F

RWCS HX Room Area Ventilation A Temp > 32°F
RWCS Pump Room Area Ventilation A Temp > 52°F
HPCI Steam Line A Pressure > 974" H20

HPCI Steam Supply Pressure < 100 psig

HPCI Turbine Exhaust Diaphragm Pressure > 10 psig
HPCl Equipment Room Temp 180°F

HPCl Equipment Room A Temp > 104°F

HPCI Pipe Routing Area Temp 180°F

HPCI Steam Line A Pressure Timer > 3 sec, <12.5 seconds

IEEE Std. 603, Section 6.1 Automatic Control
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ID # Requirement New Source / Basis
N4S-DR-29 The listed N4S isolation shall initiate when the monitored plant parameter IEEE Std. 603, Section 6.1 Automatic Control
exceeds the following trip setpoint:
RCIC Steam Line A Pressure > 373" H20
RCIC Steam Supply Pressure < 64.5 psig
RCIC Turbine Exhaust Diaphragm Pressure > 10 psig
RCIC Equipment Room Temp 180°F
RCIC Equipment Room A Temp > 109°F
RCIC Pipe Routing Area Temp 180°F
RCIC Steam Line A Pressure Timer > 3 sec, <12.5 seconds
North Stack Effluent Radiation > 2.1 uCi/cc
Reactor Encl Ventilation Exhaust Duct Radiation > 1.35 mR/h
Primary Containment Instrument Gas to Drywell A Pressure < 2.0 psi
Refueling Area Unit 1 Ventilation Exhaust Duct Radiation > 2.0 mR/h
Refueling Area Unit 2 Ventilation Exhaust Duct Radiation > 2.0 mR/h
N4S-DR-30 The signal input to actuation output propagation time of the N4S logic shall be | IEEE Std. 603, Section 4.10
less than 50 milliseconds.
N4S-DR-31 The N4S shall be capable of initiating under all required modes of reactor IEEE Std. 603, Section 4.1
operation.
N4S-DR-32 The N4S shall ensure that the protective action, once started, continues to IEEE Std. 603, Section 5.2 Completion of
completion. Protective Action
N4S-DR-33 Any single failure within the N4S shall not prevent proper protective action at | IEEE Std. 603, Section 5.1 Single Failure

the system level when required.

Criterion and IEEE Std. 7-4.3.2 Section 5.1
Single Failure Criterion
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ID # Requirement New Source / Basis

N4S-DR-34 Components and modules shall be of a quality that is consistent with IEEE Std. 603 section 5.3 Quality and IEEE Std.
minimum maintenance requirements and low failure rates. Quality levels 7-4.3.2 section 5.3 Quality
shall be achieved through the specification of requirements known to
promote high quality, such as requirements for design, for the derating of
components, for manufacturing, quality control, inspection, calibration, and
test.

N4S-DR-35 Type test data or reasonable engineering extrapolation based on test data IEEE Std. 603 section 5.4 Equipment
shall be available to verify that protection system equipment shall meet, on a | Qualification and IEEE Std. 7-4.3.2 section 5.4
continuing basis, the performance requirements determined to be necessary | Equipment Qualification
for achieving the system requirements.

N4S-DR-36 All protection system channels shall be designed to maintain necessary IEEE Std. 603 section 5.5 System Integrity and
functional capability under extremes of conditions (as applicable) relating to IEEE Std. 7-4.3.2 and section 5.5 Independence
environment, energy supply, malfunctions. and accidents.

N4S-DR-37 Channels that provide signals for the same protective function shall be IEEE Std. 603 section 5.6 Independence and
independent and physically separated to accomplish decoupling of the effects | IEEE Std. 7-4.3.2 and section 5.6 System
of unsafe environmental factors, electric transients, and physical accident Integrity
consequences documented in the design basis, and to reduce the likelihood of
interactions between channels during maintenance operations or in the event
of channel malfunction.

N4S-DR-38 Any equipment that is used for both protective and control functions shall be | IEEE Std. 603 section 5.6 Independence and
classified as part of the protection system and shall meet all the applicable IEEE Std. 7-4.3.2 and section 5.6 Independence
requirements.

N4S-DR-39 The transmission of signals from protection system equipment for control IEEE Std. 603 section 5.6 Independence and

system use shall be through isolation devices which shall be classified as part
of the protection system and shall meet all the applicable requirements. No
credible failure at the output of an isolation device shall prevent the
associated protection system channel from meeting the minimum
performance requirements specified.

IEEE Std. 7-4.3.2 and section 5.6 Independence
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be less than the normal time interval between generating station shutdowns,
there shall be capability for testing during power operation.

ID # Requirement New Source / Basis

N4S-DR-40 Where a single random failure can cause a control system action that results IEEE Std. 603 section 6.3 Interaction Between
in a generating station condition requiring protective action and can also the Sense and Command Features and Other
prevent proper action of a protection system channel designed to protect Systems
against the condition, the remaining redundant protection channels shall be
capable of providing the protective action even when degraded by a second
random failure.

N4S-DR-41 Provisions shall be included so that the protective action can still be met if a IEEE Std. 603 section 6.3 Interaction Between
channel is bypassed or removed from service for test or maintenance the Sense and Command Features and Other
purposes. Acceptable provisions include reducing the required coincidence, Systems
defeating the control signals taken from the redundant channels, or initiating
a protective action from the bypassed channel.

N4S-DR-42 Where a credible single event can cause a control system action that results in | IEEE Std. 603 section 6.3 Interaction Between
a condition requiring protective action and can concurrently prevent the the Sense and Command Features and Other
protective action from those protection system channels designated to Systems
provide principal protection against the condition, then alternate channels
not subject to failure resulting from the same single event shall be provided to
limit the consequences of this event to a value specified by the design bases.

N4S-DR-43 To the extent feasible and practical, protection system inputs shall be derived | IEEE Std. 603 section 6.4 Derivation of System
from signals that are direct measures of the desired variables. Inputs

N4S-DR-44 Means shall be provided for checking, with a high degree of confidence, the IEEE Std. 603 section 6.5 Capability for Testing
operational availability of each system input sensor during reactor operation. | and Calibration

N4S-DR-45 Capability shall be provided for testing and calibrating channels and the IEEE Std. 603 section 6.5 Capability for Testing
devices used to derive the final system output signal from the various channel | and Calibration
signals.

N4S-DR-46 For those parts of the system where the required interval between testing will | IEEE Std. 603 section 6.5 Capability for Testing

and Calibration
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action at the system level shall go to completion.

ID # Requirement New Source / Basis

N4S-DR-47 The system shall be designed to permit any one channel to be maintained, IEEE Std. 603 sections 6.7 Maintenance Bypass
and when required, tested or calibrated during power operation without and 7.5 Maintenance Bypass
initiating a protective action at the systems level.

N4S-DR-48 During such operation, the active parts of the system shall of themselves IEEE Std. 603 sections 6.7 Maintenance Bypass
continue to meet the single failure criterion. and 7.5 Maintenance Bypass

N4S-DR-49 Where operating requirements necessitate automatic or manual bypass of a IEEE Std. 603 sections 6.6 Operating Bypasses
protective function, the design shall be such that the bypass will be removed and 7.4 Operating Bypasses
automatically whenever permissive conditions are not met.

N4S-DR-50 Devices used to achieve automatic removal of the bypass of a protective IEEE Std. 603 sections 6.6 Operating Bypasses
function are part of the protection system and shall be designed in and 7.4 Operating Bypasses
accordance with these criteria.

N4S-DR-51 If the protective action of some part of the system has been bypassed or IEEE Std. 603 section 5.8 Information Displays
deliberately rendered inoperative for any purpose, this fact shall be and IEEE Std. 7-4.3.2 section 5.8 Information
continuously indicated in the control room. Displays

N4S-DR-52 The design shall permit the administrative control of the means for manually IEEE Std. 603 section 5.9 Control of Access and
bypassing channels or protective functions. IEEE Std. 7-4.3.2 section 5.9 Control of Access

N4S-DR-53 Where it is necessary to change to a more restrictive set point to provide IEEE Std. 603 section 6.8 Setpoints
adequate protection for a particular mode of operation or set of operating
conditions, the design shall provide positive means of assuring that the more
restrictive set point is used.

N4S-DR-54 The devices used to prevent improper use of less restrictive set points shall be | IEEE Std. 603 section 6.8 Setpoints
considered a part of the protection system and shall be designed in
accordance with the other provisions of these criteria regarding performance
and reliability.

N4S-DR-55 The protection system shall be so designed that, once initiated, a protective IEEE Std. 603 sections 5.2 Completion of

Protective Action and 7.3 Completion of
Protective Action
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ID # Requirement New Source / Basis
N4S-DR-56 Return to operation shall require subsequent deliberate operator action. IEEE Std. 603 sections 5.2 Completion of
Protective Action and 7.3 Completion of
Protective Action
N4S-DR-57 The protection system shall include means for manual initiation of each IEEE Std. 603 sections 6.2 Manual Control and
protective action at the system level (for example, reactor trip, containment 7.2 Manual Control
isolation, safety injection, core spray, etc).
N4S-DR-58 No single failure within the manual, automatic, or common portions of the IEEE Std. 603 section 7.2 Manual Control
protection system shall prevent initiation of protective action by manual or
automatic means.
N4S-DR-59 Manual initiation should depend upon the operation of a minimum of IEEE Std. 603 sections 6.2 Manual Control and
equipment. 7.2 Manual Control
N4S-DR-60 The design shall permit the administrative control of access to all set point IEEE Std. 603 section 5.9 Control of Access and
adjustments, module calibration adjustments, and test points. IEEE Std. 7-4.3.2 section 5.9 Control of Access
N4S-DR-61 Protective actions shall be indicated and identified down to the channel level. | IEEE Std. 603 section 5.8 Information Displays
and IEEE Std. 7-4.3.2 section 5.8 Information
Displays
N4S-DR-62 The protection system shall be designed to provide the operator with IEEE Std. 603 section 5.8 Information Displays
accurate, complete, and timely information pertinent to its own status and to | and IEEE Std. 7-4.3.2 section 5.8 Information
generating station safety. Displays
N4S-DR-63 The design shall minimize the development of conditions which would cause IEEE Std. 603 section 5.8 Information Displays
meters, annunciators, recorders, alarms, etc, to give anomalous indications and |IEEE Std. 7-4.3.2 section 5.8 Information
confusing to the operator. Displays
N4S-DR-64 The system shall be designed to facilitate the recognition, location, IEEE Std. 603 section 5.10 Repair

replacement, repair, or adjustment of malfunctioning components or
modules.
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ID # Requirement New Source / Basis

N4S-DR-65 In order to provide assurance that the requirements given in this document IEEE Std. 603 section 5.11 Identification and
can be applied during the design, construction, maintenance, and operation IEEE Std. 7-4.3.2 section 5.11 Identification
of the plant, the protection system equipment (for example, interconnecting
wiring, components, modules, etc), shall be identified distinctively as being in
the protection system.

N4S-DR-66 This identification shall distinguish between redundant portions of the IEEE Std. 603 section 5.11 Identification and
protection system. (In the installed equipment, components, or modules IEEE Std. 7-4.3.2 section 5.11 Identification
mounted in assemblies that are clearly identified as being in the protection
system do not themselves require identification.) All software, firmware, and
programmable logic shall be identified in accordance with IEEE Std. 7-4.3.2
Clause 5.11.

N4S-DR-67 N4S shall conform to the design criteria and features for Class 1E electric IEEE Std. 308 - Standard Criteria for Class 1E
systems to ensure that functional requirements under the conditions Power Systems for Nuclear Power Generating
produced by design basis events are met. Stations

N4S-DR-68 N4S shall conform to the methods for demonstrating the qualification of Class | IEEE Std. 323 - Qualifying Class 1E Equipment
1E equipment including components or equipment of any interface whose for Nuclear Power Generating Stations
failure could adversely affect the performance of Class 1E systems and
electronic equipment.

N4S-DR-69 N4S shall conform to the design and operational criteria for the performance IEEE Std. 338 - Criteria for the Periodic Testing
of periodic testing of nuclear power generating station safety systems. of Nuclear Power Generating Station Protection

Systems

N4S-DR-70 N4S shall meet its Class 1E performance requirements during and following IEEE Std. 344 - Guide for Seismic Qualification
one SSE (safe shutdown earthquake) preceeded by a number of OBEs of Class 1 Electric Equipment for Nuclear Power
(operating basis earthquakes). Generating Stations

N4S-DR-71 N4S shall meet the single failure criterion as described and classified in IEEE IEEE Std. 379 - Application of the Single-Failure

Std. 379.

Criterion to Nuclear Power Generating Station
Safety Systems

1129-0172-SPEC-001, Revision 2

Page 84 of 389




N4S DESIGN REQUIREMENTS

ID #

Requirement

New Source / Basis

N4S-DR-72

N4S shall meet the criteria and requirements for establishing and maintaining
the independence of Class 1E equipment and circuits and auxiliary supporting
features by physical separation and electrical isolation.

IEEE Std. 384 - Criteria for Independence of
Class 1E Equipment and Circuits
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ID # PPS/N4S Requirement PPS/N4S Source / Basis Notes / Clarification
N4S-FR-1 PPS/N4S shall be capable of providing signals to GDC 19, GDC 20, GDC 54, GDC
automatically initiate closure of various isolation 60, 10CFR50.67, 10CFR20,
valves if monitored system variables exceed pre- 10CFR100, IEEE Std. 603/IEEE
established limits, or by manual initiation. Std. 7-4.3.2
N4S-FR-2 PPS/NA4S shall be comprised of four (4) divisions GDC 21, IEEE Std. 603/IEEE Std.
(Division 1, Division 2, Division 3 and Division 4) that | 7-4.3.2
are capable of initiating isolations for separate valve
groups based on conditions of monitored system
variables
N4S-FR-3 The PPS/NSSS shall have four (4) independent GDC 21, IEEE Std. 603/IEEE Std. | The four channels are common to each of the
channels (Channel A, Channel B, Channel C and 7-4.3.2 divisions.
Channel D) that each provide votes/signals to each
of the divisions.
N4S-FR-4 The PPS/N4S shall be capable of being powered by Original design feature
120VAC +/- 10% (108 to 132 VAC) power.
N4S-FR-5 Each division shall provide outputs that are capable | Original design feature
of interfacing with 120VAC loads.
N4S-FR-6 Each division shall provide outputs that are capable | Original design feature
of interfacing with 125VDC loads (MSIV solenoids).
N4S-FR-7 The PPS/N4S logic shall be a normally energized GDC 21, GDC 23, Reg Guide 1.47
system (fail-safe type design). (i.e., initiate
isolations on loss of electrical power).
N4S-FR-8 Each input to a channel (ma or contact input) shall Project design approach The term "shall be voted on" indicates that the

be voted on by the channel based on the condition
(condition met or not met).

channel performs a bi-stable comparison against a
pre-determined configurable setpoint to determine
whether the input is at or above/below the setpoint
value.
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isolation trip initiation, when the required voting
has been satisfied.

ID # PPS/N4S Requirement PPS/N4S Source / Basis Notes / Clarification
N4S-FR-9 Each channel shall provide the status of the vote Project design approach The terms “not function”, “function”, “annunciate”
(e.g. vote to not function if condition not met; vote describe different types of votes that may be
to function if condition met, vote to annunciate) to provided by a channel (Note -others may be
each of the divisions. specified within the requirements). A particular
vendor solution may combine one or more of the
vote types into a single channel vote based on the
capabilities of the platform.
N4S-FR-10 Each division shall determine whether the votes to Project design approach
function for each type of input satisfy the voting
criteria (e.g. 2004).
N4S-FR-11 Each division shall execute a function when the Project design approach
voting criteria are satisfied.
N4S-FR-12 Each input to a channel shall have an independent Project design approach
voter (e.g. 2004) within each division to ensure that
trip inputs are voted separately.
N4S-FR-13 Each division shall generate an output for an Project design approach As an example, the RWL1 input to Channels A, B, C,

and D shall be sent to a 2004 voter in each of the
divisions (Division 1, Division 2, Division 3 and
Division 4). When at least two of the four RWL1
inputs to the 2004 voter achieve a trip state, the
associated division generates an output. The
generated output may be dependent on additional
voting to be satisfied. Some isolation outputs
require different voting schemes which are
described within the requirement.
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ID # PPS/N4S Requirement PPS/N4S Source / Basis Notes / Clarification
N4S-FR-14 Each channel shall receive an input from each of the | GDC 13, GDC 19, GDC 20, GDC
following monitored parameters that are provided 30, GDC 60, 10CFR20,
as common inputs to the PPS platform and are 10CFR50.67, 10CFR100, IEEE
shared by each of the PPS functions: Std. 603/IEEE Std. 7-4.3.2
¢ Reactor Vessel Water Level 1 (RWL1)
¢ Reactor Vessel Water Level 2 (RWL2)
¢ Reactor Vessel Water Level 3 (RWL3)
¢ Reactor Vessel Pressure (RVP)
¢ Drywell Pressure (DP)
N4S-FR-15 Each channel shall receive analog (4-20 mA) inputs Original design feature Each channel receives a Main Steam Line Flow input

from for each of the following monitored
parameters:

e Main Steam Line Flow (MSLF) (qty - 4)
¢ Main Steam Line Pressure (MSLP)
¢ Condenser Vacuum (CV)

from Steam Line "A", "B", "C" and "D".
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ID #

PPS/N4S Requirement

PPS/N4S Source / Basis

Notes / Clarification

N4S-FR-16

Channel A shall receive Type T thermocouple (T/C)
inputs from the following areas:

¢ RCIC Pipe Area - Ambient Temp (Qty - 5) (RCPAT)
¢ RCIC Equipment Area - Ambient Temp (Qty - 1)
(RCEAT1)

¢ RCIC Equipment Area - Ambient Temp (Qty - 1)
(RCEAT2)

¢ RCIC Equipment Area - Differential Temp (Qty - 2
pairs) (RCEDT)

¢ Main Steam Line - Ambient Temp (Qty - 4)
(MSLAT1)

¢ Main Steam Line - Ambient Temp (Qty - 1)
(MSLAT2)

¢ Main Steam Line - Differential Temp (Qty - 1 pair)
(MSLDT)

* RWCU - Ambient Temp (qty - 6) (RWAT)

¢ RWCU - Differential Temp (qgty - 6 pairs) (RWDT)

Project design approach

N4S-FR-17

Channel A shall provide a vote to isolate to each
division when any of the four (4) MSLAT1
temperature inputs exceeds setpoint.

Project design approach

N4S-FR-18

Channel A shall provide a vote to annunciate to
each division when any of the four (4) MSLAT1
temperature inputs exceeds setpoint.

Project design approach

N4S-FR-19

Channel A shall provide a vote to isolate to each
division when any of the six (6) RWAT or six (6)
RWDT temperature inputs exceeds setpoint.

Project design approach

N4S-FR-20

Channel A shall provide a vote to annunciate to
each division when any of the six (6) RWAT or six (6)
RWDT temperature inputs exceeds setpoint.

Project design approach
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ID #

PPS/N4S Requirement

PPS/N4S Source / Basis

Notes / Clarification

N4S-FR-21

Channel A shall provide a vote to isolate to each
division when any of the five (5) RCPAT temperature
inputs or one (1) RCEAT1 temperature input or two
(2) RCEDT temperature input exceeds setpoint.

Project design approach

N4S-FR-22

Channel A shall provide a vote to annunciate to
each division when any of the five (5) RCPAT
temperature inputs or one (1) RCEAT1 temperature
input or two (2) RCEDT temperature input exceeds
setpoint.

Project design approach

N4S-FR-23

Channel A shall provide a vote to annunciate to
each division when the RCEAT2 temperature input
exceeds setpoint.

Project design approach

N4S-FR-24

Channel A shall provide a vote to annunciate to
each division when the MSLAT2 temperature input
exceeds setpoint.

Project design approach

N4S-FR-25

Channel A shall provide a vote to annunciate to
each division when the MSLDT temperature input
exceeds setpoint.

Project design approach

N4S-FR-26

Division 1 shall provide a signal to PPS/RCIC when
1002 isolate votes for RCPAT / RCEAT1 / RCEDT
temperature input are received.

Project design approach

N4S-FR-27

Division 1 shall provide a signal to PPS/RCIC when
1002 annunciate votes for RCPAT / RCEAT1 / RCEDT
temperature input are received.

Project design approach

N4S-FR-28

Division 1 shall provide annunciation for STEAM
LEAK DETECTION SYSTEM HI TEMP / TROUBLE via
the HMI when 2004 annunciate votes are received
for the MSLAT1 input.

Project design approach
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ID #

PPS/N4S Requirement

PPS/N4S Source / Basis

Notes / Clarification

N4S-FR-29

Division 1 shall provide annunciation for STEAM
LEAK DETECTION SYSTEM HI TEMP / TROUBLE via
the HMI when 1002 annunciate votes are received
for the RWAT / RWDT input.

Project design approach

N4S-FR-30

Division 1 shall provide annunciation for STEAM
LEAK DETECTION SYSTEM HI TEMP / TROUBLE via
the HMI when 1002 annunciate votes are received
for the RCPAT / RCEAT1 / RCEDT input.

Project design approach

N4S-FR-31

Division 1 shall provide annunciation for STEAM
LEAK DETECTION SYSTEM HI TEMP / TROUBLE via
the HMI when 1001 annunciate votes are received
for the RCEAT2 input.

Project design approach

N4S-FR-32

Division 1 shall provide annunciation for STEAM
LEAK DETECTION SYSTEM HI TEMP / TROUBLE via
the HMI when 1001 annunciate votes are received
for the MSLAT2 input.

Project design approach

N4S-FR-33

Division 1 shall provide annunciation for STEAM
LEAK DETECTION SYSTEM HI TEMP / TROUBLE via
the HMI when 1001 annunciate votes are received
for the MSLDT input.

Project design approach
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ID #

PPS/N4S Requirement

PPS/N4S Source / Basis

Notes / Clarification

N4S-FR-34

Channel B shall receive Type T T/C inputs from the
following areas:

¢ HPCI Pipe Area - Ambient Temp (Qty - 4) (HPPAT)
¢ HPCI Equipment Area - Ambient Temp (Qty - 1)
(HPEAT1)

¢ HPCI Equipment Area - Ambient Temp (Qty - 1)
(HPEAT2)

¢ HPCI Equipment Area - Differential Temp (Qty - 1
pair) (HPEDT)

¢ Main Steam Line - Ambient Temp (Qty - 4)
(MSLAT1)

Project design approach

N4S-FR-35

Channel B shall provide a vote to isolate to each
division when any of the four (4) MSLAT1
temperature inputs exceeds setpoint.

Project design approach

N4S-FR-36

Channel B shall provide a vote to annunciate to
each division when any of the four (4) MSLAT1
temperature inputs exceeds setpoint.

Project design approach

N4S-FR-37

Channel B shall provide a vote to isolate to each
division when any of the four (4) HPPAT
temperature inputs or one (1) HPEAT1 temperature
input or one (1) HPEDT temperature input exceeds
setpoint.

Project design approach

N4S-FR-38

Channel B shall provide a vote to annunciate to
each division when any of the four (4) HPPAT
temperature inputs or one (1) HPEAT1 temperature
input or one (1) HPEDT temperature input exceeds
setpoint.

Project design approach

N4S-FR-39

Channel B shall provide a vote to annunciate to
each division when the HPEAT2 temperature input
exceeds setpoint.

Project design approach
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ID #

PPS/N4S Requirement

PPS/N4S Source / Basis

Notes / Clarification

N4S-FR-40

Division 2 shall provide a signal to PPS/HPCI when
1002 isolate votes for HPPAT / HPEAT1 / HPEDT
temperature input are received.

Project design approach

N4S-FR-41

Division 2 shall provide a signal to PPS/HPCI when
1002 annunciate votes for HPPAT / HPEAT1 / HPEDT
temperature input are received.

Project design approach

N4S-FR-42

Division 2 shall provide annunciation for STEAM
LEAK DETECTION SYSTEM HI TEMP / TROUBLE via
the HMI when 2004 annunciate votes are received
for the MSLAT1 input.

Project design approach

N4S-FR-43

Division 2 shall provide annunciation for STEAM
LEAK DETECTION SYSTEM HI TEMP / TROUBLE via
the HMI when 1002 annunciate votes for the HPPAT
/ HPEAT1 / HPEDT temperature input are received.

Project design approach

N4S-FR-44

Division 2 shall provide annunciation for STEAM
LEAK DETECTION SYSTEM HI TEMP / TROUBLE via
the HMI when 1001 annunciate votes are received
for the HPEAT2 input.

Project design approach

N4S-FR-45

Logic trip channel C shall receive Type T T/C inputs
from the following areas:

* RCIC Pipe Area - Ambient Temp (Qty - 5) (RCPAT)
¢ RCIC Equipment Area - Ambient Temp (Qty - 1)
(RCEAT1)

¢ RCIC Equipment Area - Differential Temp (Qty - 1
pairs) (RCEDT)

¢ Main Steam Line - Ambient Temp (Qty - 4)
(MSLAT1)

* RHR - Ambient Temp (gty - 1) (RHRATC)

* RHR - Differential Temp (qty - 1 pair) (RHRDTC)

Project design approach
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ID #

PPS/N4S Requirement

PPS/N4S Source / Basis

Notes / Clarification

N4S-FR-46

Channel C shall provide a vote to isolate to each
division when any of the four (4) MSLAT1
temperature inputs exceeds setpoint.

Project design approach

N4S-FR-47

Channel C shall provide a vote to annunciate to
each division when any of the four (4) MSLAT1
temperature inputs exceeds setpoint.

Project design approach

N4S-FR-48

Channel C shall provide a vote to isolate to each
division when any of the five (5) RCPAT temperature
inputs or one (1) RCEAT1 temperature input or one
(1) RCEDT temperature input exceeds setpoint.

Project design approach

N4S-FR-49

Channel C shall provide a vote to annunciate to
each division when any of the five (5) RCPAT
temperature inputs or one (1) RCEAT1 temperature
input or one (1) RCEDT temperature input exceeds
setpoint.

Project design approach

N4S-FR-50

Channel C shall provide a vote to annunciate to
each division when either the one (1) RHRAT
temperature input or the one (1) RHRDT
temperature input exceeds setpoint.

Project design approach

N4S-FR-51

Division 3 shall provide a signal to PPS/RCIC when
1002 isolate votes for RCPAT / RCEAT1 / RCEDT
temperature input are received.

Project design approach

N4S-FR-52

Division 3 shall provide a signal to PPS/RCIC when
1002 annunciate votes for RCPAT / RCEAT1 / RCEDT
temperature input are received.

Project design approach

N4S-FR-53

Division 3 shall provide annunciation for STEAM
LEAK DETECTION SYSTEM HI TEMP / TROUBLE via
the HMI when 2004 annunciate votes are received
for the MSLAT1 input.

Project design approach
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ID #

PPS/N4S Requirement

PPS/N4S Source / Basis

Notes / Clarification

N4S-FR-54

Division 3 shall provide annunciation for STEAM
LEAK DETECTION SYSTEM HI TEMP / TROUBLE via
the HMI when 1002 annunciate votes are received
for the RCPAT / RCEAT1 / RCEDT temperature input.

Project design approach

N4S-FR-55

Division 3 shall provide annunciation for STEAM
LEAK DETECTION SYSTEM HI TEMP / TROUBLE via
the HMI when 1002 annunciate votes for the RHRAT
/ RHRDT temperature input are received.

Project design approach

N4S-FR-56

Channel D shall receive Type T T/C inputs from the
following areas:

¢ HPCI Pipe Area - Ambient Temp (Qty - 4) (HPPAT)
¢ HPCI Equipment Area - Ambient Temp (Qty - 1)
(HPEAT1)

¢ HPCI Equipment Area - Differential Temp (Qty - 1
pair) (HPEDT)

¢ Main Steam Line - Ambient Temp (Qty - 4)
(MSLAT1)

* RHR - Ambient Temp (qty - 1) (RHRAT)

* RHR - Differential Temp (qty - 1 pair) (RHRDT)

* RWCU - Ambient Temp (qty - 6) (RWAT)

* RWCU - Differential Temp (qgty - 6 pairs) (RWDT)

Project design approach

N4S-FR-57

Channel D shall provide a vote to isolate to each
division when any of the four (4) MSLAT1
temperature inputs exceeds setpoint.

Project design approach

N4S-FR-58

Channel D shall provide a vote to annunciate to
each division when any of the four (4) MSLAT1
temperature inputs exceeds setpoint.

Project design approach

N4S-FR-59

Channel D shall provide a vote to isolate to each
division when any of the six (6) RWAT or six (6)
RWDT temperature inputs exceeds setpoint.

Project design approach
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ID #

PPS/N4S Requirement

PPS/N4S Source / Basis

Notes / Clarification

N4S-FR-60

Channel D shall provide a vote to annunciate to
each division when any of the six (6) RWAT or six (6)
RWDT temperature inputs exceeds setpoint.

Project design approach

N4S-FR-61

Channel D shall provide a vote to isolate to each
division when any of the four (4) HPPAT
temperature inputs or one (1) HPEAT1 temperature
input or one (1) HPEDT temperature input exceeds
setpoint.

Project design approach

N4S-FR-62

Channel D shall provide a vote to annunciate to
each division when any of the four (4) HPPAT
temperature inputs or one (1) HPEAT1 temperature
input or one (1) HPEDT temperature input exceeds
setpoint.

Project design approach

N4S-FR-63

Channel D shall provide a vote to annunciate to
each division when either the one (1) RHRAT
temperature input or the one (1) RHRDT
temperature input exceeds setpoint.

Project design approach

N4S-FR-64

Division 4 shall provide a signal to PPS/HPCI when
1002 isolate votes for HPPAT / HPEAT1 / HPEDT
temperature input are received.

Project design approach

N4S-FR-65

Division 4 shall provide a signal to PPS/HPCI when
1002 annunciate votes for HPPAT / HPEAT1 / HPEDT
temperature input are received.

Project design approach

N4S-FR-66

Division 4 shall provide annunciation for STEAM
LEAK DETECTION SYSTEM HI TEMP / TROUBLE via
the HMI when 2004 annunciate votes are received
for the MSLAT1 input.

Project design approach

N4S-FR-67

Division 4 shall provide annunciation for STEAM
LEAK DETECTION SYSTEM HI TEMP / TROUBLE via
the HMI when 1002 annunciate votes for the RWAT
/ RWDT temperature input are received.

Project design approach
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ID #

PPS/N4S Requirement

PPS/N4S Source / Basis

Notes / Clarification

N4S-FR-68

Division 4 shall provide annunciation for STEAM
LEAK DETECTION SYSTEM HI TEMP / TROUBLE via
the HMI when 1002 annunciate votes for the HPPAT
/ HPEAT1 / HPEDT temperature input are received.

Project design approach

N4S-FR-69

Division 4 shall provide annunciation for STEAM
LEAK DETECTION SYSTEM HI TEMP / TROUBLE via
the HMI when 1002 annunciate votes for the RHRAT
/ RHRDT temperature input are received.

Project design approach

N4S-FR-70

Channel A and Channel D shall receive analog (4-20
mA) inputs from for each of the following
monitored parameters:

¢ RWCU Flow to Main Condenser (RFMC)
* RWCU Flow to Feedwater (RFF)
* RWCU Suction from Reactor (RSR)

Project design approach

N4S-FR-71

Channel A shall condition each of the RFMC, RFF
and RSR signals through a square root converter.

Project design approach

N4S-FR-72

Channel A shall sum the conditioned signals for
RFMC, RFF and RSR to obtain a RWCU differential
flow signal (DFS).

Project design approach

N4S-FR-73

Channel A shall provide the DFS signal to Division 1.

Project design approach

N4S-FR-74

Division 1 shall provide the DFS signal for indicator
display via the HMI.

Project design approach

N4S-FR-75

Channel D shall condition each of the RFMC, RFF
and RSR signals through a square root converter.

Project design approach

N4S-FR-76

Channel D shall sum the conditioned signals for
RFMC, RFF and RSR to obtain a RWCU differential
flow signal (DFS).

Project design approach

N4S-FR-77

Channel D shall provide the DFS signal to Division 4.

Project design approach

N4S-FR-78

Division 4 shall provide the DFS signal for indicator
display via the HMI.

Project design approach
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inputs:

¢ Turbine Stop Valve (CI1)

¢ Reactor Building Radiation K91 5-9 (CI7)

* Reactor Building Radiation K91 6-10 (CI10)

» Refuel Floor Radiation K92 5-9 (CI8)

¢ Refuel Floor Radiation K92 6-10 (Cl11)

¢ Reactor Mode Switch MSL Low Pressure Bypass
(CI17)

30, GDC 60, 10CFR20,
10CFR50.67, 10CFR100

ID # PPS/N4S Requirement PPS/N4S Source / Basis Notes / Clarification

N4S-FR-79 Channel A shall initiate a timer when DFS exceeds Project design approach
setpoint.

N4S-FR-80 Channel A shall provide a vote to annunciate to Project design approach
Division 1.

N4S-FR-81 Division 1 shall provide annunciation for RWCU HI Project design approach
DIFF FLOW ISO TIMER INITIATED via the HMI when a
lool annunciate vote for DFS high is received.

N4S-FR-82 Channel D shall initiate a timer when DFS exceeds Project design approach
setpoint.

N4S-FR-83 Channel D shall provide a vote to annunciate to Project design approach
Division 4.

N4S-FR-84 Division 4 shall provide annunciation for RWCU HI Project design approach
DIFF FLOW ISO TIMER INITIATED via the HMI when a
loo1l annunciate vote for DFS high is received.

N4S-FR-85 Channel A shall provide a vote to isolate to each Project design approach
division when the DFS timer expires.

N4S-FR-86 Channel D shall provide a vote to isolate to each Project design approach
division when the DFS timer expires.

N4S-FR-87 Each channel shall receive the following contact GDC 13, GDC 19, GDC 20, GDC
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ID # PPS/N4S Requirement

PPS/N4S Source / Basis

Notes / Clarification

N4S-FR-88 Channel A and Channel B shall receive the following
contact inputs:

¢ Main Steam Line Radiation (CI2)
¢ not used (CI9)

GDC 13, GDC 19, GDC 20, GDC
30, GDC 60, 10CFR20,
10CFR50.67, 10CFR100

LGS decision - CI9 input not to be included

N4S-FR-89 Channel A and Channel D shall receive the following
contact input:

¢ Standby Liquid Control Pump operating status
(CI3)

¢ not used (Cl4)

¢ not used (CI5)

e Loss of Valve and Logic Power / MOV overcurrent
49X (CI12)

GDC 13, GDC 19, GDC 20, GDC
30, GDC 60, 10CFR20,
10CFR50.67, 10CFR100

N4S-FR-90 Channel D shall receive the following contact input:

* RWCU Non-Regenerative HX temperatures (CI6)
* G31-FO04 74-21619-10 (CI14)

* G31-FO04 LS2 (CI16)

¢ 03-2BQ052 Logic Reset (CI18)

GDC 13, GDC 19, GDC 20, GDC
30, GDC 60, 10CFR20,
10CFR50.67, 10CFR100

N4S-FR-91 Channel A shall receive the following contact input:

e G31-FO01 74-21150-15 (CI13)
¢ G31-FO01 LS2 (CI15)
¢ 03-2AQ076 Logic Reset (CI19)

Original design feature

N4S-FR-92 Each channel shall include a manual isolation
initiation feature located in the control room that
requires two distinct actions (e.g. arming prior to
functioning) to be completed.

GDC 13, GDC 22, IEEE Std.

603/IEEE Std. 7-4.3.2, IEEE Std.

338
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ID #

PPS/N4S Requirement

PPS/N4S Source / Basis

Notes / Clarification

N4S-FR-93

Channel A shall provide a vote to annunciate to
Division 1 upon the first distinct action for the
associated manual isolation initiation feature being
satisfied.

Project design approach

N4S-FR-94

Channel B shall provide a vote to annunciate to
Division 2 upon the first distinct action for the
associated manual isolation initiation feature being
satisfied.

Project design approach

N4S-FR-95

Channel C shall provide a vote to annunciate to
Division 3 upon the first distinct action for the
associated manual isolation initiation feature being
satisfied.

Project design approach

N4S-FR-96

Channel D shall provide a vote to annunciate to
Division 4 upon the first distinct action for the
associated manual isolation initiation feature being
satisfied.

Project design approach

N4S-FR-97

Division 1 shall provide annunciation for MANUAL
ISOLATION SWITCH ARMED via the HMI when 1001
annunciate votes are received for the first distinct
action for the manual isolation initiation feature.

IEEE Std. 603/IEEE Std. 7-4.3.2

N4S-FR-98

Division 2 shall provide annunciation for MANUAL
ISOLATION SWITCH ARMED via the HMI when 1001
annunciate votes are received for the first distinct
action for the manual isolation initiation feature.

IEEE Std. 603/IEEE Std. 7-4.3.2

N4S-FR-99

Division 3 shall provide annunciation for MANUAL
ISOLATION SWITCH ARMED via the HMI when 1001
annunciate votes are received for the first distinct
action for the manual isolation initiation feature.

IEEE Std. 603/IEEE Std. 7-4.3.2
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ID #

PPS/N4S Requirement

PPS/N4S Source / Basis

Notes / Clarification

N4S-FR-100

Division 4 shall provide annunciation for MANUAL
ISOLATION SWITCH ARMED via the HMI when 1001
annunciate votes are received for the first distinct
action for the manual isolation initiation feature.

IEEE Std. 603/IEEE Std. 7-4.3.2

N4S-FR-101

Channel A shall provide a vote for manual initiation
to Division 1 on the second distinct action being
satisfied.

Project design approach

N4S-FR-102

Channel A shall provide a vote to annunciate to
Division 1 on the second distinct action being
satisfied.

Project design approach

N4S-FR-103

Channel B shall provide a vote for manual initiation
to Division 2 on the second distinct action being
satisfied.

Project design approach

N4S-FR-104

Channel B shall provide a vote to annunciate to
Division 2 on the second distinct action being
satisfied.

Project design approach

N4S-FR-105

Channel C shall provide a vote for manual initiation
to Division 3 on the second distinct action being
satisfied.

Project design approach

N4S-FR-106

Channel C shall provide a vote to annunciate to
Division 3 on the second distinct action being
satisfied.

Project design approach

N4S-FR-107

Channel D shall provide a vote for manual initiation
to Division 4 on the second distinct action being
satisfied.

Project design approach

N4S-FR-108

Channel D shall provide a vote to annunciate to
Division 4 on the second distinct action being
satisfied.

Project design approach

N4S-FR-109

The N4S isolation outputs to close valves shall be
designed so that manual resetting of the system
logic will not result in the reopening of the valves.

NUREG-0578
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ID # PPS/N4S Requirement PPS/N4S Source / Basis Notes / Clarification

N4S-FR-110 The NA4S isolation outputs to close valves shall be GDC 21, GDC 22, IEEE Std.
designed so that valves will continue to close until 603/IEEE Std. 7-4.3.2
full closure has been achieved, once an isolation
signal has been initiated, without being able to be
stopped or reopened.

N4S-FR-111 The NA4S isolation outputs to close valves shall be GDC 21, GDC 22, IEEE Std.
designed so that after reaching full closure, the 603/IEEE Std. 7-4.3.2
valves will not automatically reopen after the
closure signal has ceased.

N4S-FR-112 A manual isolation of the MSIVs (in Group 1A) shall | GDC 13, GDC 22, IEEE Std.
require an isolation signal from Division 1 AND an 603/IEEE Std. 7-4.3.2, IEEE Std.
isolation signal from Division 4 when 1loo1 trip 338
systems for a manual initiation is received.

N4S-FR-113 Division 1 shall provide a manual isolation signal for | GDC 13, GDC 22, IEEE Std.
the MSIVs (in Group 1A) when 1001 votes for a 603/IEEE Std. 7-4.3.2, IEEE Std.
manual initiation is received. 338

N4S-FR-114 Division 4 shall provide a manual isolation signal for | GDC 13, GDC 22, IEEE Std.
the MSIVs (in Group 1A) when 1001 votes for a 603/IEEE Std. 7-4.3.2, IEEE Std.
manual initiation is received. 338

N4S-FR-115 A manual isolation of the MSIVs (in Group 1) shall GDC 13, GDC 22, IEEE Std.
require an isolation signal from Division 3 AND an 603/IEEE Std. 7-4.3.2, IEEE Std.
isolation signal from Division 2. 338

N4S-FR-116 Division 3 shall provide a manual isolation signal for | GDC 13, GDC 22, IEEE Std.
the MSIVs (in Group 1A) when 1001 votes for a 603/IEEE Std. 7-4.3.2, IEEE Std.
manual initiation is received. 338

N4S-FR-117 Division 2 shall provide a manual isolation signal for | GDC 13, GDC 22, IEEE Std.

the MSIVs (in Group 1A) when 1oo1 votes for a
manual initiation is received.

603/IEEE Std. 7-4.3.2, IEEE Std.

338
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ID # PPS/N4S Requirement PPS/N4S Source / Basis Notes / Clarification
N4S-FR-118 Division 1 shall provide an isolation signal when GDC 13, GDC 22, IEEE Std.
lool isolate vote for a manual initiation is received | 603/IEEE Std. 7-4.3.2, |EEE Std.
that closes all of the valves ("inboard") in the 338
following groups:
e Group |IA
e Group IB
e Group IIA
e Group |IB
e Group llI
e Group VIA
e Group VIB
e Group VIC
e Group VIIIA
e Group VIIIB
N4S-FR-119 Division 1 shall provide annunciation for N4S IEEE Std. 603/IEEE Std. 7-4.3.2
MANUAL ISOLATION via the HMI when 1001
annunciate votes are received for the second
distinct action is satisfied.
N4S-FR-120 Division 3 shall provide a isolation signal when 1001 | GDC 13, GDC 22, IEEE Std.
isolate vote for a manual initiation is received that 603/IEEE Std. 7-4.3.2, IEEE Std.
closes all of the valves ("inboard") in the following 338
groups:
e Group IA
e Group VIC
e Group VIIA
N4S-FR-121 Division 3 shall provide annunciation for N4S IEEE Std. 603/IEEE Std. 7-4.3.2

MANUAL ISOLATION via the HMI when 1001
annunciate votes are received for the second
distinct action is satisfied.
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ID # PPS/N4S Requirement PPS/N4S Source / Basis Notes / Clarification

N4S-FR-122 Division 2 shall provide a isolation signal when 1001 | GDC 13, GDC 22, IEEE Std.
isolate vote for a manual initiation is received that 603/IEEE Std. 7-4.3.2, |IEEE Std.
closes all of the valves ("outboard") in the following | 338
groups:
e Group IA
e Group VIC

N4S-FR-123 Division 2 shall provide annunciation for N4S IEEE Std. 603/IEEE Std. 7-4.3.2
MANUAL ISOLATION via the HMI when 1001
annunciate votes are received for the second
distinct action is satisfied.

N4S-FR-124 Division 4 shall provide a isolation signal when 1ool | GDC 13, GDC 22, IEEE Std.

isolate vote for a manual initiation is received that
closes all of the valves ("outboard") in the following
groups:

e Group IA

e Group IB

e Group IIA
e Group |IB

e Group lll

e Group VIA
e Group VIB
e Group VIC
e Group VIIA
e Group VIIB
e Group VIIIA
e Group VIIIB

603/IEEE Std. 7-4.3.2, IEEE Std.
338
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ID #

PPS/N4S Requirement

PPS/N4S Source / Basis

Notes / Clarification

N4S-FR-125

Division 4 shall provide annunciation for N4S
MANUAL ISOLATION via the HMI when 1001
annunciate votes are received for the second
distinct action is satisfied.

IEEE Std. 603/IEEE Std. 7-4.3.2

N4S-FR-126

Division 1 shall have the capability via HMI soft
controls to initiate a limited manual isolation that
provides an output to close all of the valves
("inboard") in the following group:

e Group VIA
e Group VIB
e Group VIIIB

GDC 13, GDC 22, IEEE Std.
603/IEEE Std. 7-4.3.2, IEEE Std.
338

N4S-FR-127

Division 4 shall have the capability via HMI soft
controls to initiate a limited manual isolation that
provides an output to close all of the valves
("outboard") in the following groups:

e Group VIA
e Group VIB
e Group VIIB
e Group VIIIB

GDC 13, GDC 22, |EEE Std.
603/IEEE Std. 7-4.3.2, IEEE Std.
338

N4S-FR-128

Division 1 shall provide a means to manually reset
the logic associated with the limited manual
isolation.

Original design feature

N4S-FR-129

Division 4 shall provide a means to manually reset
the logic associated with the limited manual
isolation.

Original design feature

N4S-FR-130

Each channel shall provide a vote to allow bypass to
each division when CI1 is satisfied (contact open).

Original design feature
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ID #

PPS/N4S Requirement

PPS/N4S Source / Basis

Notes / Clarification

N4S-FR-131

Each division shall allow manual bypass via the HMI
of the channel isolate votes for the CV input when
2004 votes for Cl1 bypass input are received.

IEEE Std. 603/IEEE Std. 7-4.3.2

N4S-FR-132

Each division shall provide annunciation for MAIN
CONDENSER LO VACUUM BYPASS via the HMI when
the manual bypass of CV input is executed.

IEEE Std. 603/IEEE Std. 7-4.3.2

N4S-FR-133

Each channel shall bypass the MSLP input when
Cl17 is satisfied (contact closed).

Original design feature

N4S-FR-134

Each channel shall provide a vote to isolate to each
division when RWL2 exceeds setpoint low.

IEEE Std. 603/IEEE Std. 7-4.3.2

N4S-FR-135

Each division shall provide annunciation for
REACTOR WATER BELOW LEVEL 2 TRIP via the HMI
when 2004 isolate votes for RWL2 input are
received.

IEEE Std. 603/IEEE Std. 7-4.3.2

N4S-FR-136

Each division shall provide annunciation for STEAM
TUNNEL HI TEMP via the HMI and transmit
computer data to the non-SR DCS platform when
2004 isolate votes for MSLAT1 input are received.

IEEE Std. 603/IEEE Std. 7-4.3.2

N4S-FR-137

Each channel shall provide a vote to isolate to each
of the divisions when any of the four (4) MSLF
inputs exceeds setpoint high.

Project design approach

N4S-FR-138

Each division shall provide annunciation for STEAM
LINE HI FLOW via the HMI and transmit computer
data to the non-SR DCS platform when 2004 isolate
votes for MSLF input are received.

IEEE Std. 603/IEEE Std. 7-4.3.2

N4S-FR-139

Each channel shall provide a vote to isolate to each
of the divisions when MSLP input exceeds setpoint
low.

Project design approach

N4S-FR-140

Each division shall provide annunciation for MAIN
STEAM LINE LO PRESS via the HMI when 2004
isolate votes for MSLP input are received.

IEEE Std. 603/IEEE Std. 7-4.3.2
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ID # PPS/N4S Requirement PPS/N4S Source / Basis Notes / Clarification
N4S-FR-141 Each channel shall provide a vote to isolate to each | Project design approach
of the divisions when CV input exceeds setpoint
low.
N4S-FR-142 Each division shall provide annunciation for MAIN IEEE Std. 603/IEEE Std. 7-4.3.2
CONDENSER LO VACUUM via the HMI when 2004
isolate votes for CV input are received.
N4S-FR-143 Each channel shall provide a vote to isolate to each | Project design approach
of the divisions when RVP input exceeds setpoint
low.
Group IA Isolation
N4S-FR-144 Each division shall provide a Group IA isolation GDC 13, GDC 19, GDC 20, GDC
signal when 2004 isolate votes for MSLAT1 input are | 21, GDC 22, GDC 29, GDC 54,
received. GDC 55, GDC 60, 10CFR20,
10CFR50.67, 10CR100, IEEE Std.
603/IEEE Std. 7-4.3.2
N4S-FR-145 Each division shall provide a Group IA isolation GDC 13, GDC 19, GDC 20, GDC
signal when 2004 isolate votes for RWL1 input are 21, GDC 22, GDC 29, GDC 54,
received. GDC 55, GDC 60, 10CFR20,
10CFR50.67, 10CR100, IEEE Std.
603/IEEE Std. 7-4.3.2
N4S-FR-146 Each division shall provide a Group IA isolation GDC 13, GDC 19, GDC 20, GDC
signal when 2004 isolate votes for MSLF input are 21, GDC 22, GDC 29, GDC 54,
received. GDC 55, GDC 60, 10CFR20,
10CFR50.67, 10CR100, IEEE Std.
603/IEEE Std. 7-4.3.2
N4S-FR-147 Each division shall provide a Group IA isolation GDC 13, GDC 19, GDC 20, GDC

signal when 2004 isolate votes for MSLP input are
received.

21, GDC 22, GDC 29, GDC 54,
GDC 55, GDC 60, 10CFR20,

10CFR50.67, 10CR100, IEEE Std.

603/IEEE Std. 7-4.3.2

1129-0172-SPEC-001, Revision 2

Page 108 of 389




N4S FUNCTIONAL REQUIREMENTS

ID # PPS/N4S Requirement PPS/N4S Source / Basis Notes / Clarification
N4S-FR-148 Each division shall provide a Group IA isolation GDC 13, GDC 19, GDC 20, GDC
signal when 2004 isolate votes for CV input are 21, GDC 22, GDC 29, GDC 54,
received. GDC 55, GDC 60, 10CFR20,
10CFR50.67, 10CR100, IEEE Std.
603/IEEE Std. 7-4.3.2
N4S-FR-149 Each division shall provide annunciation for N4S IEEE Std. 603/IEEE Std. 7-4.3.2
MSIV INITIATED and indicating light capability via
the HMI and transmit computer data to the non-SR
DCS platform when a Group IA isolation signal is
initiated.
N4S-FR-150 Division 1 shall provide a Group IA isolation output Original design feature
that de-energizes the 120 VAC pilot solenoid for the
following MSIVs:
e B21-FO22A
e B21-F022B
e B21-F022C
e B21-F022D
N4S-FR-151 Division 1 shall provide indicator and indicating light | IEEE Std. 603/IEEE Std. 7-4.3.2
capability via the HMI for monitoring the 120VAC
pilot solenoid for the following MSIVs:
e B21-F022A
¢ B21-F022B
¢ B21-F022C
e B21-F022D
N4S-FR-152 Division 1 shall provide a Group IA isolation output IEEE Std. 603/IEEE Std. 7-4.3.2

that de-energizes the 125 VDC pilot solenoid for the
following MSIVs:

e B21-F028A

* B21-F028B

* B21-F028C

e B21-F028D
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ID #

PPS/N4S Requirement

PPS/N4S Source / Basis

Notes / Clarification

N4S-FR-153

Division 1 shall provide indicating light capability via
the HMI and transmit computer data to the non-SR
DCS platform based on 125VDC limit switch contact
inputs for the following MSIVs:

e B21-FO28A

e B21-F028B

e B21-F028C

e B21-F028D

Original design feature

N4S-FR-154

Division 1 shall provide indicating light and indicator
capability via the HMI and transmit computer data
to the non-SR DCS platform for monitoring the
125VDC pilot solenoid for the following MSIVs:

e B21-FO28A

e B21-F028B

e B21-F028C

e B21-F028D

IEEE Std. 603/IEEE Std. 7-4.3.2

N4S-FR-155

Division 2 shall provide a Group IA isolation output
that de-energizes the 125 VDC pilot solenoid for the
following MSIVs:

¢ B21-F022A

e B21-F022B

¢ B21-F022C

* B21-F022D

IEEE Std. 603/IEEE Std. 7-4.3.2

N4S-FR-156

Division 2 shall provide indicating light capability via
the HMI and transmit computer data to the non-SR
DCS platform based on 125VDC limit switch contact
inputs for the following MSIVs:

e B21-F022A

e B21-F022B

e B21-F022C

e B21-F022D

Original design feature
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ID # PPS/N4S Requirement PPS/N4S Source / Basis Notes / Clarification
N4S-FR-157 Division 2 shall provide indicating light and indicator | IEEE Std. 603/IEEE Std. 7-4.3.2
capability via the HMI and transmit computer data
to the non-SR DCS platform for monitoring the
125VDC pilot solenoid for the following MSIVs:
e B21-FO22A
e B21-F022B
e B21-F022C
e B21-F022D
N4S-FR-158 Division 2 shall provide a Group IA isolation output Original design feature
that de-energizes the 120 VAC pilot solenoid for the
following MSIVs:
e B21-FO28A
e B21-F028B
e B21-F028C
e B21-F028D
N4S-FR-159 Division 2 shall provide indicating light and indicator | IEEE Std. 603/IEEE Std. 7-4.3.2
capability via the HMI for monitoring the 120VAC
pilot solenoid for the following MSIVs:
¢ B21-FO28A
¢ B21-F028B
¢ B21-F028C
e B21-F028D
N4S-FR-160 Division 3 shall provide a Group IA isolation output Original design feature

that de-energizes the 120 VAC pilot solenoid for the
following MSIVs:

e B21-F022A

e B21-F022B

e B21-F022C

e B21-F022D
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N4S-FR-161 Division 3 shall provide indicator and indicating light | IEEE Std. 603/IEEE Std. 7-4.3.2
capability via the HMI for monitoring the 120VAC
pilot solenoid for the following MSIVs:
e B21-F022A
e B21-F022B
e B21-F022C
e B21-F022D
N4S-FR-162 Division 3 shall provide a Group IA isolation output IEEE Std. 603/IEEE Std. 7-4.3.2
that de-energizes the 125 VDC pilot solenoid for the
following MSIVs:
e B21-FO28A
e B21-F028B
e B21-F028C
e B21-F028D
N4S-FR-163 Division 3 shall provide indicating light capability via | Original design feature
the HMI and transmit computer data to the non-SR
DCS platform based on 125VDC limit switch contact
inputs for the following MSIVs:
¢ B21-FO28A
¢ B21-F028B
¢ B21-F028C
e B21-F028D
N4S-FR-164 Division 3 shall provide indicating light and indicator | IEEE Std. 603/IEEE Std. 7-4.3.2

capability via the HMI and transmit computer data
to the non-SR DCS platform for monitoring the
125VDC pilot solenoid for the following MSIVs:

e B21-F028A

¢ B21-F028B

¢ B21-F028C

e B21-F028D
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N4S-FR-165 Division 4 shall provide a Group IA isolation output IEEE Std. 603/IEEE Std. 7-4.3.2
that de-energizes the 125 VDC pilot solenoid for the
following MSIVs:
e B21-F022A
e B21-F022B
e B21-F022C
e B21-F022D
N4S-FR-166 Division 4 shall provide indicating light capability via | Original design feature
the HMI and transmit computer data to the non-SR
DCS platform based on 125VDC limit switch contact
inputs for the following MSIVs:
e B21-FO22A
e B21-F022B
e B21-F022C
e B21-F022D
N4S-FR-167 Division 4 shall provide indicating light and indicator | IEEE Std. 603/IEEE Std. 7-4.3.2
capability via the HMI and transmit computer data
to the non-SR DCS platform for monitoring the
125VDC pilot solenoid for the following MSIVs:
¢ B21-F022A
¢ B21-F022B
¢ B21-F022C
e B21-F022D
N4S-FR-168 Division 4 shall provide a Group IA isolation output Original design feature

that de-energizes the 120 VAC pilot solenoid for the
following MSIVs:

¢ B21-FO28A

* B21-F028B

¢ B21-F028C

e B21-F028D
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N4S-FR-169 Division 4 shall provide indicating light and indicator | IEEE Std. 603/IEEE Std. 7-4.3.2
capability via the HMI for monitoring the 120VAC
pilot solenoid for the following MSIVs:
¢ B21-FO28A
e B21-F028B
e B21-F028C
e B21-F028D
N4S-FR-170 Each division shall provide a means to manually test | GDC 21, IEEE Std. 338, Reg
the function of each of the following valves and Guide 1.22, Reg Guide 1.62
associated valve position indication capability via
the HMI and transmit computer data to the non-SR
DCS platform based on contact inputs from the
associated valve limit switches.
e B21-FO22A
e B21-F022B
e B21-F022C
e B21-F022D
e B21-FO28A
¢ B21-F028B
¢ B21-F028C
e B21-F028D
N4S-FR-171 A Group 1A isolation output from both Division 1 IEEE Std. 603/IEEE Std. 7-4.3.2
AND Division 2 shall be required to close valve B21-
FO16.
N4S-FR-172 Division 1 AND Division 2 shall provide indicating IEEE Std. 603/IEEE Std. 7-4.3.2
light capability via the HMI when the isolation
output to valve B21-F016 is initiated.
N4S-FR-173 Division 1 shall provide a means to manually open GDC 21, IEEE Std. 338, Reg

or close valve B21-F016 From the control room.

Guide 1.22, Reg Guide 1.62
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N4S-FR-174 Division 1 shall provide valve B21-F016 position IEEE Std. 603/IEEE Std. 7-4.3.2
indication capability via the HMI based on contact
inputs from the associated valve limit switches.

N4S-FR-175 A Group 1A isolation output from both Division 3 IEEE Std. 603/IEEE Std. 7-4.3.2
AND Division 4 shall be required to close valve B21-
FO19.

N4S-FR-176 Division 3 AND Division 4 shall provide indicating IEEE Std. 603/IEEE Std. 7-4.3.2
light capability via the HMI when the isolation
output to valve B21-F019 is initiated.

N4S-FR-177 Division 4 shall provide a means to manually GDC 21, IEEE Std. 338, Reg
introduce a momentary signal to open or close valve | Guide 1.22, Reg Guide 1.62
B21-FO19 or terminate valve motion midstream
from the control room.

N4S-FR-178 Division 4 shall provide valve B21-F019 position IEEE Std. 603/IEEE Std. 7-4.3.2
indication capability via the HMI based on contact
inputs from the associated valve limit switches.
Group IB Isolation

N4S-FR-179 Division 1 shall provide a Group IB isolation signal GDC 13, GDC 19, GDC 20, GDC
when 2004 isolate votes for RWL2 Input are 21, GDC 22, GDC 29, GDC 54,
received. GDC 55, GDC 60, 10CFR20,

10CFR50.67, 10CR100, IEEE Std.
603/IEEE Std. 7-4.3.2

N4S-FR-180 The Division 1 Group IB isolation signal shall de- GDC 21, IEEE Std. 603/IEEE Std.
energize the 120VAC solenoids to close valves B32- | 7-4.3.2
FO19 and B21-F084.

N4S-FR-181 Division 1 shall provide indicating light capability via | IEEE Std. 603/IEEE Std. 7-4.3.2
the HMI and transmit computer data to the non-SR
DCS platform when a Group IB isolation signal is
initiated.

N4S-FR-182 Division 1 shall provide a means to manually open GDC 21, IEEE Std. 338, Reg

or close valve B32-F019 from the control room.

Guide 1.22, Reg Guide 1.62
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ID # PPS/N4S Requirement PPS/N4S Source / Basis Notes / Clarification
N4S-FR-183 Division 1 shall provide valve B32-F019 position IEEE Std. 603/IEEE Std. 7-4.3.2
indication capability via the HMI based on contact
inputs from the associated valve limit switches.
N4S-FR-184 Division 1 shall provide a means to manually open GDC 21, IEEE Std. 338, Reg
or close valve B21-F084 from the control room. Guide 1.22, Reg Guide 1.62
N4S-FR-185 Division 1 shall provide valve B21-F084 position IEEE Std. 603/IEEE Std. 7-4.3.2
indication capability via the HMI based on contact
inputs from the associated valve limit switches.
N4S-FR-186 Division 4 shall provide a Group IB isolation signal IEEE Std. 603/IEEE Std. 7-4.3.2
when 2004 isolate votes for RWL2 Input are
received.
N4S-FR-187 The Division 4 Group IB isolation signal shall de- GDC 21, IEEE Std. 603/IEEE Std.
energize the 120VAC solenoids to close valves B32- | 7-4.3.2
F020 and B21-F085.
N4S-FR-188 Division 4 shall provide a means to manually open GDC 21, IEEE Std. 338, Reg
or close valve B32-F020 from the control room. Guide 1.22, Reg Guide 1.62
N4S-FR-189 Division 4 shall provide valve B32-F020 position IEEE Std. 603/IEEE Std. 7-4.3.2
indication capability via the HMI based on contact
inputs from the associated valve limit switches.
N4S-FR-190 Division 4 shall provide a means to manually open GDC 21, IEEE Std. 338, Reg
or close valve B21-F085 from the control room. Guide 1.22, Reg Guide 1.62
N4S-FR-191 Division 4 shall provide valve B21-F085 position IEEE Std. 603/IEEE Std. 7-4.3.2
indication capability via the HMI based on contact
inputs from the associated valve limit switches.
N4S-FR-192 Division 4 shall provide indicating light capability via | IEEE Std. 603/IEEE Std. 7-4.3.2
the HMI and transmit computer data to the non-SR
DCS platform when a Group IB isolation signal is
initiated.
N4S-FR-193 Channel A shall provide a vote to trip to each of the | Project design approach

divisions when CI2 is satisfied (contact open).
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close the following valves:
e E11-FO09

¢ E11-FO50A

e HV51-1(2)51A

e E11-FO50B

e HV51-1(2)151B

21, GDC 22, GDC 29, GDC 54,
GDC 55, GDC 60, 10CFR20,

10CFR50.67, 10CR100, IEEE Std.

603/IEEE Std. 7-4.3.2

ID # PPS/N4S Requirement PPS/N4S Source / Basis Notes / Clarification

N4S-FR-194 Channel B shall provide a vote to trip to each of the | Project design approach
divisions when CI2 is satisfied (contact open).

N4S-FR-195 Division 1 shall provide a Group IB isolation signal GDC60
when 1002 trip votes for CI2 input are received to
isolate the Condenser Off Gas Mechanical Vacuum
Pump Line.

N4S-FR-196 Division 2 shall provide a Group IB isolation signal GDC60
when 1002 trip votes for CI2 input are received to
isolate the Condenser Off Gas Mechanical Vacuum
Pump Line.

Group lIA Isolation

N4S-FR-197 Each channel shall provide a vote to isolate to each Project design approach
of the divisions when RWL3 input exceeds setpoint
low.

N4S-FR-198 Division 1 shall provide a Group llA isolation signal GDC 13, GDC 19, GDC 20, GDC
when 2004 isolate votes for RWL3 input are 21, GDC 22, GDC 29, GDC 54,
received. GDC 55, GDC 60, 10CFR20,

10CFR50.67, 10CR100, IEEE Std.
603/IEEE Std. 7-4.3.2

N4S-FR-199 Division 1 shall provide a Group llA isolation signal GDC 13, GDC 19, GDC 20, GDC
when 2004 isolate votes for RVP input are received. | 21, GDC 22, GDC 29, GDC 54,

GDC 55, GDC 60, 10CFR20,
10CFR50.67, 10CR100, IEEE Std.
603/IEEE Std. 7-4.3.2

N4S-FR-200 A Group llA isolation signal from Division 1 shall be GDC 13, GDC 19, GDC 20, GDC
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N4S-FR-201 Division 1 shall provide indicating light capability via | IEEE Std. 603/IEEE Std. 7-4.3.2
the HMI and transmit computer data to the non-SR
DCS platform when the Group llA isolation is
provided.

N4S-FR-202 Division 1 shall provide a means to manually GDC 21, IEEE Std. 338, Reg
introduce a momentary signal to open or close valve | Guide 1.22, Reg Guide 1.62
E11-FO09 or terminate valve motion midstream
from the control room.

N4S-FR-203 Division 1 shall provide interlocks that prohibit valve | Original design feature
E11-FO09 from being manually opened if a Group IIA
isolation signal is present.

N4S-FR-204 Division 1 shall provide valve E11-FO09 position IEEE Std. 603/IEEE Std. 7-4.3.2
indication capability via the HMI based on contact
inputs from the associated valve limit switches.

N4S-FR-205 Division 4 shall provide a Group llA isolation signal GDC 13, GDC 19, GDC 20, GDC
when 2004 isolate votes for RWL3 input are 21, GDC 22, GDC 29, GDC 54,
received. GDC 55, GDC 60, 10CFR20,

10CFR50.67, 10CR100, IEEE Std.
603/IEEE Std. 7-4.3.2

N4S-FR-206 Division 4 shall provide a Group llA isolation signal GDC 13, GDC 19, GDC 20, GDC
when 2004 isolate votes for RVP input are received. | 21, GDC 22, GDC 29, GDC 54,

GDC 55, GDC 60, 10CFR20,
10CFR50.67, 10CR100, IEEE Std.
603/IEEE Std. 7-4.3.2

N4S-FR-207 A Group llA isolation signal from Division 4 shall GDC 13, GDC 19, GDC 20, GDC

close the following valves:
¢ E11-FO0O8

¢ E11-FO15A

¢ E11-FO15B

21, GDC 22, GDC 29, GDC 54,
GDC 55, GDC 60, 10CFR20,

10CFR50.67, 10CR100, IEEE Std.

603/IEEE Std. 7-4.3.2
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N4S-FR-208 Division 4 shall provide indicating light capability via | IEEE Std. 603/IEEE Std. 7-4.3.2
the HMI and transmit computer data to the non-SR
DCS platform when the Group llA isolation is
provided.

N4S-FR-209 Division 4 shall provide a means to manually GDC 21, IEEE Std. 338, Reg
introduce a momentary signal to open or close valve | Guide 1.22, Reg Guide 1.62
E11-FOO08 or terminate valve motion midstream
from the control room.

N4S-FR-210 Division 4 shall provide valve E11-FO08 position IEEE Std. 603/IEEE Std. 7-4.3.2
indication capability via the HMI based on contact
inputs from the associated valve limit switches.

N4S-FR-211 Division 4 shall provide a means to manually GDC 21, IEEE Std. 338, Reg
introduce a momentary signal to open or close valve | Guide 1.22, Reg Guide 1.62
E11-FO15A or terminate valve motion midstream
from the control room.

N4S-FR-212 Division 4 shall provide valve E11-FO15A position IEEE Std. 603/IEEE Std. 7-4.3.2
indication capability via the HMI based on contact
inputs from the associated valve limit switches.

N4S-FR-213 Division 4 shall provide a means to manually GDC 21, IEEE Std. 338, Reg
introduce a momentary signal to open or close valve | Guide 1.22, Reg Guide 1.62
E11-FO15B or terminate valve motion midstream
from the control room.

N4S-FR-214 Division 4 shall provide valve E11-FO15B position IEEE Std. 603/IEEE Std. 7-4.3.2
indication capability via the HMI based on contact
inputs from the associated valve limit switches.
Group lIB Isolation

N4S-FR-215 Project design approach

Each channel shall provide a vote to isolate to each
of the divisions when DP input exceeds setpoint
low.
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N4S-FR-216 Division 1 shall provide a Group |IB isolation signal GDC 13, GDC 19, GDC 20, GDC
when 2004 isolate votes for RWL3 input are 21, GDC 22, GDC 34, GDC 54,
received. GDC 55, GDC 60, 10CFR20,
10CFR50.67, 10CR100, IEEE Std.
603/IEEE Std. 7-4.3.2
N4S-FR-217 Division 1 shall provide a Group |IB isolation signal GDC 13, GDC 19, GDC 20, GDC
when 2004 isolate votes for DP input are received. 21, GDC 22, GDC 34, GDC 54,
GDC 55, GDC 60, 10CFR20,
10CFR50.67, 10CR100, IEEE Std.
603/IEEE Std. 7-4.3.2
N4S-FR-218 A Group lIB isolation signal from Division 1 shall GDC 13, GDC 19, GDC 20, GDC
close the following valves: 21, GDC 22, GDC 34, GDC 54,
e E11-FO40 GDC 55, GDC 60, 10CFR20,
e E11-FO79A 10CFR50.67, 10CR100, IEEE Std.
¢ E11-FO79B 603/IEEE Std. 7-4.3.2
N4S-FR-219 Division 1 shall provide indicating light capability via | IEEE Std. 603/IEEE Std. 7-4.3.2
the HMI and transmit computer data to the non-SR
DCS platform when the Group IIB isolation is
provided.
N4S-FR-220 Division 1 shall provide a means to manually GDC 21, IEEE Std. 338, Reg
introduce a momentary signal to open or close valve | Guide 1.22, Reg Guide 1.62
E11-FO40 or terminate valve motion midstream
from the control room.
N4S-FR-221 Division 1 shall provide valve E11-F040 position IEEE Std. 603/IEEE Std. 7-4.3.2
indication capability via the HMI based on contact
inputs from the associated valve limit switches.
N4S-FR-222 Division 1 shall provide a means to manually open GDC 21, IEEE Std. 338, Reg
or close valve E11-FO79A from the control room. Guide 1.22, Reg Guide 1.62
N4S-FR-223 Division 1 shall provide valve E11-FO79A position IEEE Std. 603/IEEE Std. 7-4.3.2

indication capability via the HMI based on contact
inputs from the associated valve limit switches.
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N4S-FR-224 Division 1 shall provide a means to manually open GDC 21, IEEE Std. 338, Reg
or close valve E11-FO79B from the control room. Guide 1.22, Reg Guide 1.62

N4S-FR-225 Division 1 shall provide valve E11-FO79B position IEEE Std. 603/IEEE Std. 7-4.3.2
indication capability via the HMI based on contact
inputs from the associated valve limit switches.

N4S-FR-226 Division 4 shall provide a Group |IB isolation signal GDC 13, GDC 19, GDC 20, GDC
when 2004 isolate votes for RWL3 input are 21, GDC 22, GDC 34, GDC 54,
received. GDC 55, GDC 60, 10CFR20,

10CFR50.67, 10CR100, IEEE Std.
603/IEEE Std. 7-4.3.2

N4S-FR-227 Division 4 shall provide a Group IIB isolation signal GDC 13, GDC 19, GDC 20, GDC
when 2004 isolate votes for DP input are received. 21, GDC 22, GDC 34, GDC 54,

GDC 55, GDC 60, 10CFR20,
10CFR50.67, 10CR100, IEEE Std.
603/IEEE Std. 7-4.3.2

N4S-FR-228 A Group lIB isolation signal from Division 4 shall GDC 13, GDC 19, GDC 20, GDC
close the following valves: 21, GDC 22, GDC 34, GDC 54,

e E11-FO49 GDC 55, GDC 60, 10CFR20,
e E11-FO80A 10CFR50.67, 10CR100, IEEE Std.
e E11-FO80B 603/IEEE Std. 7-4.3.2

N4S-FR-229 Division 4 shall provide indicating light capability via | IEEE Std. 603/IEEE Std. 7-4.3.2
the HMI and transmit computer data to the non-SR
DCS platform when the Group IIB isolation is
provided.

N4S-FR-230 Division 4 shall provide a means to manually GDC 21, IEEE Std. 338, Reg
introduce a momentary signal to open or close valve | Guide 1.22, Reg Guide 1.62
E11-FO49 or terminate valve motion midstream
from the control room.

N4S-FR-231 Division 4 shall provide valve E11-F049 position IEEE Std. 603/IEEE Std. 7-4.3.2

indication capability via the HMI based on contact
inputs from the associated valve limit switches.

1129-0172-SPEC-001, Revision 2

Page 121 of 389




N4S FUNCTIONAL REQUIREMENTS

ID # PPS/N4S Requirement PPS/N4S Source / Basis Notes / Clarification
N4S-FR-232 Division 4 shall provide a means to manually open GDC 21, IEEE Std. 338, Reg
or close valve E11-FO80A from the control room. Guide 1.22, Reg Guide 1.62
N4S-FR-233 Division 4 shall provide valve E11-FO80A position IEEE Std. 603/IEEE Std. 7-4.3.2
indication capability via the HMI based on contact
inputs from the associated valve limit switches.
N4S-FR-234 Division 4 shall provide a means to manually open GDC 21, IEEE Std. 338, Reg
or close valve E11-FO80B from the control room. Guide 1.22, Reg Guide 1.62
N4S-FR-235 Division 4 shall provide valve E11-FO80B position IEEE Std. 603/IEEE Std. 7-4.3.2
indication capability via the HMI based on contact
inputs from the associated valve limit switches.
Group Il Isolation
N4S-FR-236 Channel A shall provide a vote to isolate to each of | Project design approach
the divisions when CI3 is satisfied (contact open).
N4S-FR-237 Channel D shall provide a vote to isolate to each of Project design approach
the divisions when CI3 is satisfied (contact open).
N4S-FR-238 Channel D shall provide a vote to isolate to each of Project design approach
the divisions when CI6 is satisfied (contact open).
N4S-FR-239 Channel A shall provide a vote to annunciate to Project design approach
each of the divisions when CI13 is satisfied (contact
closed).
N4S-FR-240 Channel D shall provide a vote to annunciate to Project design approach
each of the divisions when Cl14 is satisfied (contact
closed).
N4S-FR-241 Channel A shall provide a vote to isolate to each of Project design approach
the divisions when CI15 is satisfied (contact closed).
N4S-FR-242 Channel D shall provide a vote to isolate to each of Project design approach
the divisions when CI16 is satisfied (contact closed).
N4S-FR-243 Division 1 shall provide a Group lll isolation signal GDC 21, GDC 22, IEEE Std.

when 2004 isolate votes for RWL2 input are
received.

603/IEEE Std. 7-4.3.2
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when 1002 isolate votes for CI3 input are received.

603/IEEE Std. 7-4.3.2

ID # PPS/N4S Requirement PPS/N4S Source / Basis Notes / Clarification
N4S-FR-244 Division 1 shall provide a Group lll isolation signal GDC 21, GDC 22, IEEE Std.
when 1002 isolate votes for CI3 input are received. 603/IEEE Std. 7-4.3.2
N4S-FR-245 Division 1 shall provide a Group lll isolation signal GDC 21, GDC 22, IEEE Std.
when 1002 isolate votes for RWAT/RWDT input are | 603/IEEE Std. 7-4.3.2
received.
N4S-FR-246 Division 1 shall provide a Group lll isolation signal GDC 21, GDC 22, IEEE Std.
when 1002 isolate votes for DFS input are received. | 603/IEEE Std. 7-4.3.2
N4S-FR-247 A Group lll isolation signal from Division 1 shall GDC 21, GDC 22, IEEE Std.
close valve G31-F001. 603/IEEE Std. 7-4.3.2
N4S-FR-248 Division 1 shall provide a means to manually GDC 21, IEEE Std. 338, Reg
introduce a momentary signal to open or close valve | Guide 1.22, Reg Guide 1.62
G31-F001 or terminate valve motion midstream
from the control room.
N4S-FR-249 Division 1 shall provide valve G31-F001 position IEEE Std. 603/IEEE Std. 7-4.3.2
indication capability via the HMI based on contact
inputs from the associated valve limit switches.
N4S-FR-250 Division 1 shall provide indicating light capability via | IEEE Std. 603/IEEE Std. 7-4.3.2
the HMI and transmit computer data to the non-SR
DCS platform when the Group Il isolation is
provided.
N4S-FR-251 Division 1 shall provide annunciation for RWCU IEEE Std. 603/I1EEE Std. 7-4.3.2
SYSTEM ISOLATED via the HMI when 1loo1
annunciate votes Cl13 input is received.
N4S-FR-252 Division 1 shall provide three (3) outputs to the Original design feature
RWCU system when 1001 isolate votes for CI15
input is received.
N4S-FR-253 Division 4 shall provide a Group lll isolation signal GDC 21, GDC 22, IEEE Std.
when 2004 isolate votes for RWL2 input are 603/IEEE Std. 7-4.3.2
received.
N4S-FR-254 Division 4 shall provide a Group lll isolation signal GDC 21, GDC 22, IEEE Std.
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N4S-FR-255 Division 4 shall provide a Group lll isolation signal GDC 21, GDC 22, IEEE Std.
when 1002 isolate votes for RWAT/RWDT input are | 603/IEEE Std. 7-4.3.2
received.
N4S-FR-256 Division 4 shall provide a Group lll isolation signal GDC 21, GDC 22, IEEE Std.
when 1002 isolate votes for DFS input are received. | 603/IEEE Std. 7-4.3.2
N4S-FR-257 Division 4 shall provide a Group lll isolation signal GDC 21, GDC 22, IEEE Std.
when lool isolate votes for CI6 input are received. 603/IEEE Std. 7-4.3.2
N4S-FR-258 A Group lll isolation signal from Division 4 shall GDC 21, GDC 22, IEEE Std.
close valve G31-F004. 603/IEEE Std. 7-4.3.2
N4S-FR-259 Division 4 shall provide annunciation for RWCU IEEE Std. 603/IEEE Std. 7-4.3.2
FILTER INLET HI TEMP ISOLATION via the HMI when
lool isolate votes for CI6 is received.
N4S-FR-260 Division 4 shall provide a means to manually GDC 21, IEEE Std. 338, Reg
introduce a momentary signal to open or close valve | Guide 1.22, Reg Guide 1.62
G31-FO04 or terminate valve motion midstream
from the control room.
N4S-FR-261 Division 4 shall provide valve G31-F004 position IEEE Std. 603/IEEE Std. 7-4.3.2
indication capability via the HMI based on contact
inputs from the associated valve limit switches.
N4S-FR-262 Division 4 shall provide indicating light capability via | IEEE Std. 603/IEEE Std. 7-4.3.2
the HMI and transmit computer data to the non-SR
DCS platform when the Group Il isolation is
provided.
N4S-FR-263 Division 4 shall provide annunciation for RWCU IEEE Std. 603/IEEE Std. 7-4.3.2
SYSTEM ISOLATED via the HMI when 1loo1
annunciate votes for Cl14 input is received.
N4S-FR-264 Division 4 shall provide three (3) outputs to the Original design feature

RWCU system when 1001 isolate votes for Cl16
input is received.
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Group VIA Isolation

N4S-FR-265 Each channel shall provide a vote to isolate to each | Project design approach
of the divisions when CI10 is satisfied (contact
open).

N4S-FR-266 Each channel shall provide a vote to isolate to each | Project design approach
of the divisions when Cl11 is satisfied (contact
open).

N4S-FR-267 Division 1 shall provide a Group VIA isolation signal GDC 13, GDC 16, GDC 19, GDC
when 2004 isolate votes for RWL2 input are 20, GDC 21, GDC 22, GDC 54,
received. GDC 56, GDC 60, 10CFR20,

10CFR50.67, 10CR100, NUREG-
0737, |EEE Std. 603/IEEE Std. 7-
4.3.2

N4S-FR-268 Division 1 shall provide a Group VIA isolation signal GDC 13, GDC 16, GDC 19, GDC

when 2004 isolate votes for DP input are received. 20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
4.3.2

N4S-FR-269 Division 1 shall provide a Group VIA isolation signal GDC 13, GDC 16, GDC 19, GDC
when 2004 isolate votes for CI10 input are received. | 20, GDC 21, GDC 22, GDC 54,

GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
43.2

N4S-FR-270 Division 1 shall provide a Group VIA isolation signal GDC 13, GDC 16, GDC 19, GDC

when 2004 isolate votes for Cl11 input are received.

20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
4.3.2
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N4S-FR-271 A Group VIA isolation signal from Division 1 shall
close the following valves:

e HV-57-121 /-221
e HV-57-131 /-231
e HV-57-123 /-223
e HV-57-124 / -224
e HV-57-115 /-215
e HV-57-112 / -212

GDC 13, GDC 16, GDC 19, GDC
20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
4.3.2

N4S-FR-272 Division 4 shall provide a Group VIA isolation signal
when 2004 isolate votes for RWL2 input are
received.

GDC 13, GDC 16, GDC 19, GDC
20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
43.2

N4S-FR-273 Division 4 shall provide a Group VIA isolation signal
when 2004 isolate votes for DP input are received.

GDC 13, GDC 16, GDC 19, GDC
20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
43.2

N4S-FR-274 Division 4 shall provide a Group VIA isolation signal
when 2004 isolate votes for CI10 input are received.

GDC 13, GDC 16, GDC 19, GDC
20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
4.3.2
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N4S-FR-275 Division 4 shall provide a Group VIA isolation signal GDC 13, GDC 16, GDC 19, GDC
when 2004 isolate votes for CI11 input are received. | 20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, |EEE Std. 603/IEEE Std. 7-
4.3.2
N4S-FR-276 A Group VIA isolation signal from Division 4 shall GDC 13, GDC 16, GDC 19, GDC
close the following valves: 20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
e HV-57-109 / -209 10CFR50.67, 10CR100, NUREG-
e HV-57-135 /-235 0737, IEEE Std. 603/IEEE Std. 7-
e HV-57-147 / -247 4.3.2
e HV-57-114 / -214
e HV-57-104 / -204
Group VIB Isolation
N4S-FR-277 Division 1 shall provide a Group VIB isolation signal | GDC 13, GDC 16, GDC 19, GDC
when 2004 isolate votes for RWL2 input are 20, GDC 21, GDC 22, GDC 54,
received. GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
43.2
N4S-FR-278 Division 1 shall provide a Group VIB isolation signal GDC 13, GDC 16, GDC 19, GDC

when 2004 isolate votes for DP input are received.

20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
4.3.2
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N4S-FR-279 Division 1 shall provide a Group VIB isolation signal GDC 13, GDC 16, GDC 19, GDC
when 2004 isolate votes for CI10 input are received. | 20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, |EEE Std. 603/IEEE Std. 7-
4.3.2
N4S-FR-280 Division 1 shall provide a Group VIB isolation signal GDC 13, GDC 16, GDC 19, GDC
when 2004 isolate votes for CI11 input are received. | 20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
4.3.2
N4S-FR-281 A Group VIB isolation signal from Division 1 shall GDC 13, GDC 16, GDC 19, GDC
close the following valves: 20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
e HV-57-117 / -217 10CFR50.67, 10CR100, NUREG-
e HV-57-118 / -218 0737, IEEE Std. 603/IEEE Std. 7-
e HV-57-160A / -260A 4.3.2
N4S-FR-282 Division 4 shall provide a Group VIB isolation signal GDC 13, GDC 16, GDC 19, GDC
when 2004 isolate votes for RWL2 input are 20, GDC 21, GDC 22, GDC 54,
received. GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
43.2
N4S-FR-283 Division 4 shall provide a Group VIB isolation signal GDC 13, GDC 16, GDC 19, GDC

when 2004 isolate votes for DP input are received.

20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
4.3.2
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N4S-FR-284 Division 4 shall provide a Group VIB isolation signal GDC 13, GDC 16, GDC 19, GDC
when 2004 isolate votes for CI10 input are received. | 20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, |EEE Std. 603/IEEE Std. 7-
4.3.2
N4S-FR-285 Division 4 shall provide a Group VIB isolation signal GDC 13, GDC 16, GDC 19, GDC
when 2004 isolate votes for CI11 input are 20, GDC 21, GDC 22, GDC 54,
received. GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
4.3.2
N4S-FR-286 A Group VIB isolation signal from Division 4 shall GDC 13, GDC 16, GDC 19, GDC
close the following valves: 20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
e HV-57-111/-211 10CFR50.67, 10CR100, NUREG-
e HV-57-105 / -205 0737, IEEE Std. 603/IEEE Std. 7-
e HV-57-160B / -260B 43.2
Group VIC Isolation
N4S-FR-287 Each channel shall provide a vote to isolate to each | Project design approach
of the divisions when CI7 is satisfied (contact open).
N4S-FR-288 Each channel shall provide a vote to isolate to each Project design approach
of the divisions when CI8 is satisfied (contact open).
N4S-FR-289 Division 1 shall provide a Group VIC isolation signal GDC 13, GDC 16, GDC 19, GDC

when 2004 isolate votes for RWL2 input are
received.

20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
4.3.2
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N4S-FR-290 Division 1 shall provide a Group VIC isolation signal GDC 13, GDC 16, GDC 19, GDC
when 2004 isolate votes for DP input are received. 20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, |EEE Std. 603/IEEE Std. 7-
4.3.2
N4S-FR-291 Division 1 shall provide a Group VIC isolation signal GDC 13, GDC 16, GDC 19, GDC
when 2004 isolate votes for CI7 input are received. 20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
4.3.2
N4S-FR-292 Division 1 shall provide a Group VIC isolation signal GDC 13, GDC 16, GDC 19, GDC
when 2004 isolate votes for CI8 input are received. 20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
43.2
N4S-FR-293 A Group VIC isolation signal from Division 1 shall GDC 13, GDC 16, GDC 19, GDC
close the following valves: 20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
e SV-57-133 10CFR50.67, 10CR100, NUREG-
e SV-57-183 0737, IEEE Std. 603/IEEE Std. 7-
e SV-57-191 4.3.2
N4S-FR-294 Division 2 shall provide a Group VIC isolation signal GDC 13, GDC 16, GDC 19, GDC

when 2004 isolate votes for RWL2 input are
received.

20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
4.3.2
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N4S-FR-295

Division 2 shall provide a Group VIC isolation signal
when 2004 isolate votes for DP input are received.

GDC 13, GDC 16, GDC 19, GDC
20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
4.3.2

N4S-FR-296

Division 2 shall provide a Group VIC isolation signal

when 2004 isolate votes for CI7 input are received.

GDC 13, GDC 16, GDC 19, GDC
20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
4.3.2

N4S-FR-297

Division 2 shall provide a Group VIC isolation signal

when 2004 isolate votes for CI8 input are received.

GDC 13, GDC 16, GDC 19, GDC
20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
43.2

N4S-FR-298

A Group VIC isolation signal from Division 2 shall
close the following valves:

* SV-26-190B
* SV-26-190D
* SV-57-132
* SV-57-134
* SV-57-150
e SV-57-181

GDC 13, GDC 16, GDC 19, GDC
20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
43.2
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N4S-FR-299 Division 3 shall provide a Group VIC isolation signal
when 2004 isolate votes for RWL2 input are
received.

GDC 13, GDC 16, GDC 19, GDC
20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
4.3.2

N4S-FR-300 Division 3 shall provide a Group VIC isolation signal
when 2004 isolate votes for DP input are received.

GDC 13, GDC 16, GDC 19, GDC
20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
4.3.2

N4S-FR-301 Division 3 shall provide a Group VIC isolation signal
when 2004 isolate votes for CI7 input are received.

GDC 13, GDC 16, GDC 19, GDC
20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
43.2

N4S-FR-302 Division 3 shall provide a Group VIC isolation signal
when 2004 isolate votes for CI8 input are received.

GDC 13, GDC 16, GDC 19, GDC
20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
43.2
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N4S-FR-303 A Group VIC isolation signal from Division 3 shall
close the following valves:

e HV-57-161
e HV-57-162
¢ FV-C-DO-101A
e HV-57-166
* SV-26-190A
* S5V-26-190C
e SV-57-184
e SV-57-185
e SV-57-186
e SV-57-190
e SV-57-195

GDC 13, GDC 16, GDC 19, GDC
20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
4.3.2

N4S-FR-304 Division 4 shall provide a Group VIC isolation signal
when 2004 isolate votes for RWL2 input are
received.

GDC 13, GDC 16, GDC 19, GDC
20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
43.2

N4S-FR-305 Division 4 shall provide a Group VIC isolation signal
when 2004 isolate votes for DP input are received.

GDC 13, GDC 16, GDC 19, GDC
20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
4.3.2
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N4S-FR-306

Division 4 shall provide a Group VIC isolation signal
when 2004 isolate votes for CI7 input are received.

GDC 13, GDC 16, GDC 19, GDC
20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
4.3.2

N4S-FR-307

Division 4 shall provide a Group VIC isolation signal

when 2004 isolate votes for CI8 input are received.

GDC 13, GDC 16, GDC 19, GDC
20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
4.3.2

N4S-FR-308

A Group VIC isolation signal from Division 4 shall
close the following valves:

e HV-57-163
e HV-57-164
e FV-C-DO-101B
e HV-57-169
e HV-57-116
e SV-57-141
e SV-57-142
e SV-57-143
e SV-57-144
e SV-57-145
e SV-57-159

GDC 13, GDC 16, GDC 19, GDC
20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, NUREG-
0737, IEEE Std. 603/IEEE Std. 7-
43.2
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Group VIIA Isolation
N4S-FR-309 Division 3 shall provide a Group VIIA isolation signal | GPC 13, GDC 16, GDC 19, GDC
when 2004 isolate votes for RWL1 input are 20, GDC 21, GDC 22, GDC 54,
received. GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, IEEE Std.
603/IEEE Std. 7-4.3.2
N4S-FR-310 Division 3 shall provide a Group VIIA isolation signal | GDC 13, GDC 16, GDC 19, GDC
when 2004 isolate votes for DP input are received. 20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, IEEE Std.
603/IEEE Std. 7-4.3.2
N4S-FR-311 Division 3 shall provide a Group VIIA isolation signal | GDC 13, GDC 16, GDC 19, GDC
when 2004 isolate votes for CI7 input are received. 20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, IEEE Std.
603/IEEE Std. 7-4.3.2
N4S-FR-312 A Group VIIA isolation signal from Division 3 shall GDC 13, GDC 16, GDC 19, GDC
close the following valves: 20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
e HV-59-101 10CFR50.67, 10CR100, IEEE Std.
e HV-59-129A 603/IEEE Std. 7-4.3.2
N4S-FR-313 Division 4 shall provide a Group VIIA isolation signal | GDC 13, GDC 16, GDC 19, GDC
when 2004 isolate votes for RWL1 input are 20, GDC 21, GDC 22, GDC 54,
received. GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, IEEE Std.
603/IEEE Std. 7-4.3.2
N4S-FR-314 Division 4 shall provide a Group VIIA isolation signal | GDC 13, GDC 16, GDC 19, GDC

when 2004 isolate votes for DP input are received.

20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,

10CFR50.67, 10CR100, IEEE Std.

603/IEEE Std. 7-4.3.2
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N4S-FR-315 Division 4 shall provide a Group VIIA isolation signal | GDC 13, GDC 16, GDC 19, GDC
when 2004 isolate votes for CI7 input are received. 20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, IEEE Std.
603/IEEE Std. 7-4.3.2
N4S-FR-316 A Group VIIA isolation signal from Division 4 shall GDC 13, GDC 16, GDC 19, GDC
close the following valves: 20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
e HV-59-102 10CFR50.67, 10CR100, IEEE Std.
e HV-59-129B 603/IEEE Std. 7-4.3.2
e HV-59-135
Group VIIB Isolation
N4S-FR-317 Division 4 shall provide a Group VIIB isolation signal | GPC 13, GDC 19, GDC 20, GDC
when 2004 isolate votes for RWL2 input are 21,GDC 22, GDC 29, GDC 54,
received. GDC 55, GDC 60, 10CFR20,
10CFR50.67, 10CR100, IEEE Std.
603/IEEE Std. 7-4.3.2
N4S-FR-318 Division 4 shall provide a Group VIIB isolation signal | GDC 13, GDC 19, GDC 20, GDC
when 2004 isolate votes for DP input are received. 21, GDC 22, GDC 29, GDC 54,
GDC 55, GDC 60, 10CFR20,
10CFR50.67, 10CR100, IEEE Std.
603/IEEE Std. 7-4.3.2
N4S-FR-319 Division 4 shall provide a Group VIIB isolation signal | GDC 13, GDC 19, GDC 20, GDC

when 2004 isolate votes for CI10 input are received.

21, GDC 22, GDC 29, GDC 54,
GDC 55, GDC 60, 10CFR20,

10CFR50.67, 10CR100, IEEE Std.

603/IEEE Std. 7-4.3.2
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N4S-FR-320 A Group VIIB isolation signal from Division 4 shall GDC 13, GDC 19, GDC 20, GDC
close the following valves: 21, GDC 22, GDC 29, GDC 54,
GDC 55, GDC 60, 10CFR20,
e HV-59-131 10CFR50.67, 10CR100, IEEE Std.
603/IEEE Std. 7-4.3.2
Group VIIIA Isolation
N4S-FR-321 Division 1 shall provide a Group VIIIA isolation signal | GPC 13, GDC 16, GDC 19, GDC
when 2004 isolate votes for RWL1 input are 20, GDC 21, GDC 22, GDC 54,
received. GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, IEEE Std.
603/IEEE Std. 7-4.3.2
N4S-FR-322 Division 1 shall provide a Group VIIIA isolation signal | GDC 13, GDC 16, GDC 19, GDC
when 2004 isolate votes for DP input are received. 20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, IEEE Std.
603/IEEE Std. 7-4.3.2
N4S-FR-323 A Group VIIIA isolation signal from Division 1 shall GDC 13, GDC 16, GDC 19, GDC
close the following valves: 20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
e HV-87-120A 10CFR50.67, 10CR100, IEEE Std.
e HV-87-121A 603/IEEE Std. 7-4.3.2
e HV-87-120B
e HV-87-121B
e HV-13-106
e HV-13-107
N4S-FR-324 Division 4 shall provide a Group VIIIA isolation signal | GDC 13, GDC 16, GDC 19, GDC

when 2004 isolate votes for RWL1 input are
received.

20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,

10CFR50.67, 10CR100, IEEE Std.

603/IEEE Std. 7-4.3.2
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N4S-FR-325 Division 4 shall provide a Group VIIIA isolation signal
when 2004 isolate votes for DP input are received.

GDC 13, GDC 16, GDC 19, GDC
20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,

10CFR50.67, 10CR100, IEEE Std.

603/IEEE Std. 7-4.3.2

N4S-FR-326 A Group VIIIA isolation signal from Division 4 shall
close the following valves:

e HV-87-128
e HV-87-129
e HV-87-122
e HV-87-123
e HV-13-108
e HV-13-111

GDC 13, GDC 16, GDC 19, GDC
20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,

10CFR50.67, 10CR100, IEEE Std.

603/IEEE Std. 7-4.3.2

Group VIIIB Isolation (Drywell Sump (DS),
Suppression Pool Cleanup (SPC), TIP)

N45-FR-327 Division 1 shall provide a Group VIIIB (DS/SPC/TIP)
isolation signal when 2004 isolate votes for RWL2
input are received.

GDC 13, GDC 16, GDC 19, GDC
20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,

10CFR50.67, 10CR100, IEEE Std.

603/IEEE Std. 7-4.3.2

N4S-FR-328 Division 1 shall provide a Group VIIIB (DS/SPC/TIP)
isolation signal when 2004 isolate votes for DP input

are received.

GDC 13, GDC 16, GDC 19, GDC
20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,

10CFR50.67, 10CR100, IEEE Std.

603/IEEE Std. 7-4.3.2
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N4S-FR-329 A Group VIIIB (DS/SPC/TIP) isolation signal from GDC 13, GDC 16, GDC 19, GDC
Division 1 shall close the following valves: 20, GDC 21, GDC 22, GDC 54,

GDC 56, GDC 60, 10CFR20,
e HV-61-110 10CFR50.67, 10CR100, IEEE Std.
e HV-61-130 603/IEEE Std. 7-4.3.2
e HV-52-127

N4S-FR-330 A Group VIIIB (DS/SPC/TIP) isolation signal from GDC 13, GDC 16, GDC 19, GDC

Division 1 shall withdraw the TIP. 20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, IEEE Std.
603/IEEE Std. 7-4.3.2

N4S-FR-331 Division 1 shall provide indicating light capability via | IEEE Std. 603/IEEE Std. 7-4.3.2
the HMI and transmit computer data to the non-SR
DCS platform when a Group VIIIB (DS/SPC/TIP)
isolation signal is initiated.

N4S-FR-332 Division 4 shall provide a Group VIIIB (DS/SPC/TIP) GDC 13, GDC 16, GDC 19, GDC
isolation signal when 2004 isolate votes for RWL2 20, GDC 21, GDC 22, GDC 54,
input are received. GDC 56, GDC 60, 10CFR20,

10CFR50.67, 10CR100, IEEE Std.
603/IEEE Std. 7-4.3.2

N4S-FR-333 Division 4 shall provide a Group VIIIB (DS/SPC/TIP) GDC 13, GDC 16, GDC 19, GDC
isolation signal when 2004 isolate votes for DP input | 20, GDC 21, GDC 22, GDC 54,
are received. GDC 56, GDC 60, 10CFR20,

10CFR50.67, 10CR100, IEEE Std.
603/IEEE Std. 7-4.3.2

N4S-FR-334 A Group VIIIB (DS/SPC/TIP) isolation signal from GDC 13, GDC 16, GDC 19, GDC

Division 4 shall close the following valves:

e HV-61-111
e HV-61-131
e HV-52-128

20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,

10CFR50.67, 10CR100, IEEE Std.

603/IEEE Std. 7-4.3.2
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N4S-FR-335 Division 4 shall provide indicating light capability via | IEEE Std. 603/IEEE Std. 7-4.3.2
the HMI and transmit computer data to the non-SR
DCS platform when a Group VIIIB (DS/SPC/TIP)
isolation signal is initiated.
Group VIIIB Isolation (Bypass Barrier Block and
Vents (BBBV))

N4S-FR-336 | pivision 4 shall provide a Group VIIIB (BBBV) GDC 21, IEEE Std. 603/IEEE Std.
isolation signal when 2004 isolate votes for RWL2 7-4.3.2
input are received.

N4S-FR-337 Division 4 shall provide a Group VIIIB (BBBV) GDC 21, IEEE Std. 603/IEEE Std.
isolation signal when 2004 isolate votes for DP input | 7-4.3.2
are received.

N4S-FR-338 Division 4 shall provide a Group VIIIB (BBBV) GDC 21, IEEE Std. 603/IEEE Std.
isolation signal when 2004 isolate votes for CI10 7-4.3.2
input are received.

N4S-FR-339 Division 4 shall provide a Group VIIIB (BBBV) GDC 21, IEEE Std. 603/IEEE Std.
isolation signal when 2004 isolate votes for Cl11 7-4.3.2
input are received.

N4S-FR-340 A Group VIIIB (BBBV) isolation signal from Division 4 | GDC 21, IEEE Std. 603/IEEE Std.

shall close the following valves:

e HV-57-165
e HV-57-167
e HV-41-142
e HV-41-143
e HV-46-127
e HV-46-128

7-4.3.2
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Group VIIIB Isolation (PCIG Block and Vents (PCIG))

N4S-FR-341 Division 4 shall provide a Group VIIIB (PCIG) GDC 21, IEEE Std. 603/IEEE Std.
isolation signal when 2004 isolate votes for RWL2 7-4.3.2
input are received.

N4S-FR-342 Division 4 shall provide a Group VIIIB (PCIG) GDC 21, IEEE Std. 603/IEEE Std.
isolation signal when 2004 isolate votes for DP input | 7-4.3.2
are received.

N4S-FR-343 Division 4 shall provide a Group VIIIB (PCIG) GDC 21, IEEE Std. 603/IEEE Std.
isolation signal when 2004 isolate votes for CI10 7-4.3.2
input are received.

N4S-FR-344 A Group VIIIB (PCIG) isolation signal from Division 4 | GDC 21, IEEE Std. 603/IEEE Std.
shall close the following valves: 7-4.3.2
e HV-59-140
e HV-59-141
e HV-59-142
e HV-59-143
Group VIIIB Isolation (ECCS Process Lines)

N4S-FR-345 Each channel shall provide a vote to isolate to each | Project design approach
of the divisions when RVP input exceeds setpoint
low AND DP input exceeds setpoint low

N4S-FR-346 Division 1 shall provide a Group VIIIB (ECCS) GDC 13, GDC 16, GDC 19, GDC

isolation signal when 2004 isolate votes for RVP/DP
input are received.

20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,

10CFR50.67, 10CR100, IEEE Std.

603/IEEE Std. 7-4.3.2
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N4S-FR-347 A Group VIIIB (ECCS) isolation signal from Division 1 | GDC 13, GDC 16, GDC 19, GDC
shall close the following valves: 20, GDC 21, GDC 22, GDC 54,

GDC 56, GDC 60, 10CFR20,
e HV-52-1F015A 10CFR50.67, 10CR100, IEEE Std.
e HV-52-1F015B 603/IEEE Std. 7-4.3.2
e HV-51-1F027A
e HV-51-1F027B
e HV-C-51-1F103A
e HV-C-51-1F104A

N4S-FR-348 A Group VIIIB (ECCS) isolation signal from Division 1 | GDC 13, GDC 16, GDC 19, GDC

shall withdraw the TIP. 20, GDC 21, GDC 22, GDC 54,
GDC 56, GDC 60, 10CFR20,
10CFR50.67, 10CR100, IEEE Std.
603/IEEE Std. 7-4.3.2

N4S-FR-349 Division 1 shall provide indicating light capability via | IEEE Std. 603/IEEE Std. 7-4.3.2
the HMI and transmit computer data to the non-SR
DCS platform when a Group VIIIB (ECCS) isolation
signal is initiated.

N4S-FR-350 Division 1 shall provide a Group VIIIB isolation signal | GDC 21, IEEE Std. 603/IEEE Std. | This group of valves is listed in L-5-26 but not
when 2004 isolate votes for RWL2 input are 7-4.3.2 specifically in GP-8.1. Need to confirm channels and
received. whether valves are isolated.

N4S-FR-351 Division 1 shall provide a Group VIIIB isolation signal | GDC 21, IEEE Std. 603/IEEE Std.
when 2004 isolate votes for DP input are received. 7-4.3.2

N4S-FR-352 Division 1 shall provide a Group VIIIB isolation signal | GDC 21, IEEE Std. 603/IEEE Std.
when 2004 isolate votes for CI10 input are received. | 7-4.3.2

N4S-FR-353 Division 1 shall provide a Group VIIIB isolation signal | GDC 21, IEEE Std. 603/IEEE Std.

when 2004 isolate votes for Cl11 input are received.

7-4.3.2
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N4S-FR-354 A Group VIIIB isolation signal from Division 1 shall GDC 21, IEEE Std. 603/IEEE Std.
close the following valves: 7-4.3.2
e HV-76-141
e HV-76-142
e HV-76-157
e HV-76-158
e HV-76-107
e HV-76-108
¢ HV-76-109
e HV-76-030-1
¢ HV-76-030-2
N4S-FR-355 Division 4 shall provide a Group VIIIB isolation signal | GDC 21, IEEE Std. 603/IEEE Std. | This group of valves is listed in L-S-26 but not
when 2004 isolate votes for RWL2 input are 7-4.3.2 specifically in GP-8.1. Need to confirm channels and
received. whether valves are isolated.
N4S-FR-356 Division 4 shall provide a Group VIIIB isolation signal | GDC 21, IEEE Std. 603/IEEE Std.
when 2004 isolate votes for DP input are received. 7-4.3.2
N4S-FR-357 Division 4 shall provide a Group VIIIB isolation signal | GDC 21, IEEE Std. 603/IEEE Std.
when 2004 isolate votes for CI10 input are received. | 7-4.3.2
N4S-FR-358 Division 4 shall provide a Group VIIIB isolation signal | GDC 21, IEEE Std. 603/IEEE Std.
when 2004 isolate votes for CI11 input are received. | 7-4.3.2
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N4S-FR-359

A Group VIIIB isolation signal from Division 4 shall
close the following valves:

e HV-76-141
e HV-76-142
e HV-76-157
* HV-76-158
e HV-76-107
e HV-76-108
¢ HV-76-109
¢ HV-76-030-1
¢ HV-76-030-2

GDC 21, IEEE Std. 603/IEEE Std.

7-4.3.2

N4S-FR-360

Division 1 shall provide a Group VIIIB isolation signal
when 2004 isolate votes for CI11 input are received.

GDC 21, IEEE Std. 603/IEEE Std.

7-4.3.2

This group of valves is listed in L-S-26 but not
specifically in GP-8.1. Need to confirm channels and
whether valves are isolated.

N4S-FR-361

A Group VIIIB isolation signal from Division 1 shall
close the following valves:

e HV-76-117
e HV-76-118
e HV-76-167
e HV-76-168

GDC 21, IEEE Std. 603/IEEE Std.

7-4.3.2

N4S-FR-362

Division 4 shall provide a Group VIIIB isolation signal
when 2004 isolate votes for Cl11 input are received.

GDC 21, IEEE Std. 603/IEEE Std.

7-4.3.2

This group of valves is listed in L-S5-26 but not
specifically in GP-8.1. Need to confirm channels and
whether valves are isolated.
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N4S-FR-363

A Group VIIIB isolation signal from Division 4 shall
close the following valves:

e HV-76-117
e HV-76-118
* HV-76-167
* HV-76-168

GDC 21, IEEE Std. 603/IEEE Std.
7-4.3.2

N4S-FR-364

Channel A shall provide a vote to reset to Division 1
when CI19 input is satisfied (contact closed).

Project design approach

N4S-FR-365

Channel D shall provide a vote to reset to Division 4
when CI18 input is satisfied (contact closed).

Project design approach

N4S-FR-366

Division 1 shall be capable of being manually reset
as long as the trip condition(s) that initiated the trip
has cleared AND the respective MSIV 120VAC pilot
solenoid energized permissive AND the respective
MSIV 125VDC pilot solenoid energized permissive
are satisfied AND 1001 reset votes from CI19 input
are received.

Original design feature

N4S-FR-367

Division 4 shall be capable of being manually reset
as long as the trip condition(s) that initiated the trip
has cleared AND the respective MSIV 120VAC pilot
solenoid energized permissive AND the respective
MSIV 125VDC pilot solenoid energized permissive
are satisfied AND 1001 reset votes from CI18 input
are received.

Original design feature

N4S-FR-368

Division 1 shall provide a means to manually
generate annunciation for N4S ISOLATION SYSTEM
OUT OF SERVICE (INBOARD) and status light
capability via the HMI.

Reg Guide 1.47 (BISI), IEEE
Standard 279

N4S-FR-369

Channel A shall provide a vote to annunciate to
Division 1 when ClI12 is satisfied (contact open).

Project design approach
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N4S-FR-370 Channel D shall provide a vote to annunciate to Project design approach
Division 4 when ClI12 is satisfied (contact open).

N4S-FR-371 Division 1 shall provide annunciation for N4S Reg Guide 1.47 (BISI), IEEE
ISOLATION SYSTEM OUT OF SERVICE (INBOARD) and | Standard 279
status light capability via the HMI when 1001
annunciate votes are received for CI12 input.

N4S-FR-372 Division 1 shall provide annunciation for N4S Reg Guide 1.47 (BISI), IEEE
ISOLATION SYSTEM OUT OF SERVICE (INBOARD) and | Standard 279
status light capability via the HMI for any loss of
power condition or logic test condition.

N4S-FR-373 Division 4 shall provide means to manually generate | Reg Guide 1.47 (BISI), IEEE
annunciation for N4S ISOLATION SYSTEM OUT OF Standard 279
SERVICE (OUTBOARD) and status light capability via
the HMI.

N4S-FR-374 Division 4 shall provide annunciation for N4S Reg Guide 1.47 (BISI), IEEE
ISOLATION SYSTEM OUT OF SERVICE (OUTBOARD) Standard 279
and status light capability via the HMI when 1loo1
annunciate votes are received for Cl12 input.

N4S-FR-375 Division 4 shall provide annunciation for N4S Reg Guide 1.47 (BISI), IEEE
ISOLATION SYSTEM OUT OF SERVICE (OUTBOARD) Standard 279
and status light capability via the HMI for any loss of
power condition or logic test condition.

N4S-FR-376 PPS/N4S shall provide the capability to manually GDC 21, GDC 54,. Reg Guide
test all channels, divisions and the isolation valves. 1.22, Reg Guide 1.62

N4S-FR-377 PPS/N4S shall provide the means to perform IEEE Std. 603/IEEE Std. 7-4.3.2
functional tests during normal plant operation.

N4S-FR-378 Each channel and each division shall provide Project design approach

sufficient features and documented evaluations to
support elimination of most Technical Specification
Surveillance Tests, and minimize the requirements
for manual calibration checks.
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ID #

PPS/N4S Requirement

PPS/N4S Source / Basis

Notes / Clarification

N4S-FR-379

For all PPS inputs that have the potential to require
manual test insertion or external measurement of
input values (i.e., use of an external digital multi
meter by a technician), test jacks are provided in
the cabinets.

Project design approach

N4S-FR-380

For all inputs that have the potential to require
manual multi-point calibration checks with external
calibration equipment, knife edge disconnects along
with test jacks are incorporated in the field
termination panels.

Project design approach
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ID #

Requirement

New Source / Basis

HPCI-DR-1

Structures, systems, and components important to safety shall be designed,
fabricated, erected, and tested to quality standards commensurate with the
importance of the safety functions to be performed. Where generally
recognized codes and standards are used, they shall be identified and
evaluated to determine their applicability, adequacy, and sufficiency and shall
be supplemented or modified as necessary to assure a quality product in
keeping with the required safety function. A quality assurance program shall
be established and implemented in order to provide adequate assurance that
these structures, systems, and components will satisfactorily perform their
safety functions. Appropriate records of the design, fabrication, erection, and
testing of structures, systems, and components important to safety shall be
maintained by or under the control of the nuclear power unit licensee
throughout the life of the unit.

GDC 1 - Quality standards and records

HPCI-DR-2

Structures, systems, and components important to safety shall be designed to
withstand the effect of natural phenomena such as earthquakes, tornadoes,
hurricanes, floods, tsunami, and seiches without loss of capability to perform
their safety functions.

GDC 2 - Design Bases for Protection Against Natural
Phenomena

HPCI-DR-3

Structures, systems, and components important to safety shall be designed
and located to minimize, consistent with other safety requirements, the
probability and effect of fires and explosions.

GDC 3 - Fire protection

HPCI-DR-4

Structures, systems, and components important to safety shall be designed to
accommodate the effects of and to be compatible with the environmental
conditions associated with normal operation, maintenance, testing, and
postulated accidents, including loss-of-coolant accidents (LOCAs).

GDC 4 - Environmental and dynamic effects design
bases

HPCI-DR-5

The reactor core and associated coolant, control, and protection systems shall
be designed with appropriate margin to assure that specified acceptable fuel
design limits are not exceeded during any condition of normal operation,
including the effects of anticipated operational occurrences.

GDC 10 - Reactor design
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ID #

Requirement

New Source / Basis

HPCI-DR-6

Instrumentation shall be provided to monitor variables and systems over their
anticipated ranges for normal operation, for anticipated operational
occurrences, and for accident conditions as appropriate to assure adequate
safety, including those variables and systems that can affect the fission
process, the integrity of the reactor core, the reactor coolant pressure
boundary, and the containment and its associated systems. Appropriate
controls shall be provided to maintain these variables and systems within
prescribed operating ranges.

GDC 13 - Instrumentation and control

HPCI-DR-7

A control room shall be provided from which actions can be taken to operate
the nuclear power unit safely under normal conditions and to maintainitin a
safe condition under accident conditions, including loss-of-coolant accidents.
Adequate radiation protection shall be provided to permit access and
occupancy of the control room under accident conditions without personnel
receiving radiation exposures in excess of 5 rem whole body, or its equivalent
to any part of the body, for the duration of the accident. Equipment at
appropriate locations outside the control room shall be provided (1) with a
design capability for prompt hot shutdown of the reactor, including necessary
I&C to maintain the unit in a safe condition during hot shutdown, and (2) with
a potential capability for subsequent cold shutdown of the reactor through
the use of suitable procedures.

GDC 19 - Control Room

HPCI-DR-8

The protection system shall be designed (1) to initiate automatically the
operation of appropriate systems including the reactivity control systems, to
assure that specified acceptable fuel design limits are not exceeded as a result
of anticipated operational occurrences and (2) to sense accident conditions
and to initiate the operation of systems and components important to safety.

GDC 20 - Protection system functions
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ID #

Requirement

New Source / Basis

HPCI-DR-9

The protection system shall be designed for high functional reliability and in-
service testability commensurate with the safety functions to be performed.
Redundancy and independence designed into the protection system shall be
sufficient to assure that (1) no single failure results in loss of the protection
function and (2) removal from service of any component or channel does not
result in loss of the required minimum redundancy unless the acceptable
reliability of operation of the protection system can be otherwise
demonstrated. The protection system shall be designed to permit periodic
testing of its functioning when the reactor is in operation, including a
capability to test channels independently to determine failures and losses of
redundancy that may have occurred.

GDC 21 - Protection system reliability and testability

HPCI-DR-10

The protection system shall be designed to assure that the effects of natural
phenomena, and of normal operating, maintenance, testing, and postulated
accident conditions on redundant channels do not result in loss of the
protection function, or shall be demonstrated to be acceptable on some other
defined basis. Design techniques, such as functional diversity or diversity in
component design and principles of operation, shall be used to the extent
practical to prevent loss of the protection function.

GDC 22- Protection system independence

HPCI-DR-11

The protection system shall be designed to fail into a safe state or into a state
demonstrated to be acceptable on some other defined basis if conditions such
as disconnection of the system, loss of energy (e.g., electric power,
instrument air), or postulated adverse environments (e.g., extreme heat or
cold, fire, pressure, steam, water, and radiation) are experienced.

GDC 23 - Protection system failure modes

HPCI-DR-12

The protection system shall be separated from control systems to the extent
that failure of any single control system component or channel, or failure or
removal from service of any single protection system component or channel
which is common to the control and protection systems leaves intact a system
satisfying all reliability, redundancy, and independence requirements of the
protection system. Interconnection of the protection and control systems
shall be limited so as to assure that safety is not significantly impaired.

GDC 24 - Separation of protection and control

systems
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ID #

Requirement

New Source / Basis

HPCI|-DR-13

The protection and reactivity control systems shall be designed to assure an
extremely high probability of accomplishing their safety functions in the event
of anticipated operational occurrences.

GDC 29 - Protection against anticipated operational
occurrences

HPCI-DR-14

A system to supply reactor coolant makeup for protection against small
breaks in the reactor coolant pressure boundary shall be provided. The
system safety function shall be to assure that specified acceptable fuel design
limits are not exceeded as a result of reactor coolant loss due to leakage from
the reactor coolant pressure boundary and rupture of small piping or other
small components which are part of the boundary. The system shall be
designed to assure that for onsite electric power system operation (assuming
offsite power is not available) and for offsite electric power system operation
(assuming onsite power is not available) the system safety function can be
accomplished using the piping, pumps, and valves used to maintain coolant
inventory during normal reactor operation.

GDC 33 - Reactor Coolant Makeup

HPCI-DR-15

A system to provide abundant emergency core cooling shall be provided. The
system safety function shall be to transfer heat from the reactor core
following any loss of reactor coolant at a rate such that (1) fuel and clad
damage that could interfere with continued effective core cooling is
prevented and (2) clad metal-water reaction is limited to negligible amounts.

GDC 35 - Emergency Core Cooling

HPCI-DR-16

The emergency core cooling system shall be designed to permit appropriate
periodic pressure and functional testing to assure (1) the structural and leak
tight integrity of its components, (2) the operability and performance of the
active components of the system, and (3) the operability of the system as a
whole and, under conditions as close to design as practical, the performance
of the full operational sequence that brings the system into operation,
including operation of applicable portions of the protection system, the
transfer between normal and emergency power sources, and the operation of
the associated cooling water system.

GDC 37 - Testing of Emergency Core Cooling System
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ID # Requirement New Source / Basis

HPCI-DR-17 | The protection system shall be designed to permit periodic testing of its Regulatory Guide 1.22 - Periodic Testing of
initiation functions inclusive of the actuation devices and actuated equipment | Protection System Actuation Functions (Safety
when the reactor is in operation. Guide 22)

HPCI-DR-18 | Those structures, systems, and components (SSC) that should be designhed to Regulatory Guide 1.29 - Seismic Design
remain functional if the Safe Shutdown Earthquake (SSE) occurs shall be Classification
designated as Seismic Category |. (This includes Systems or portions of
systems that are required for reactor shutdown; all electric and mechanical
devices and circuitry between the process and the input terminals of the
actuator systems involved in generating signals that initiate protective action;
systems or portions of systems that are required for (1) monitoring of systems
important to safety and (2) actuation of systems important to safety.)

HPCI-DR-19 | The HPCI shall comply with the requirements of Appendix B to 10 CFR Part 50 | Regulatory Guide 1.30 - Quality Assurance
for the installation, inspection, and testing of nuclear power plant Requirements for the Installation, Inspection, and
instrumentation and electric equipment. Testing of Instrumentation and Electric Equipment

(Safety Guide 30)

HPCI-DR-20 | The HPCI shall meet the requirements for design, operation and testing of Regulatory Guide 1.32 - Criteria for Power Systems
safety-related power systems within nuclear power plants as defined within for Nuclear Power Plants
IEEE Std. 308.

HPCI-DR-21 | The HPCI shall meet the requirements for indicating the bypass or inoperable | Regulatory Guide 1.47 - Bypassed and Inoperable
status of portions of the protection system, systems actuated or controlled by | Status Indication for Nuclear Power Plant Safety
the protection system, and auxiliary or supporting systems that must be Systems
operable for the protection system and the system it actuates to perform
their safety-related functions:

HPCI-DR-22 | The HPCI shall comply with the IEEE Std. 279 requirement that any single Regulatory Guide 1.53 - Application of the Single-

failure within the protection system shall not prevent proper protective action
at the system level when required, by using the guidance in IEEE

Std. 379-1972 for applying the single-failure criterion to the design and
analysis of nuclear power plant protection systems.

Failure Criterion to Safety Systems
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ID # Requirement New Source / Basis
HPCI-DR-23 | The HPCI shall provide a means for manual initiation of protective actions. Regulatory Guide 1.62 - Manual Initiation of
Protective Actions
HPCI-DR-24 | The HPCI shall meet the requirements for physical independence of the Regulatory Guide 1.75 - Physical Independence of
circuits and electric equipment comprising or associated with the Class 1E Electric Systems
power system, the protection system, systems actuated or controlled by the
protection system, and auxiliary or supporting systems that must be operable
for the protection system and the systems it actuates to perform their safety
related functions.
HPCI-DR-25 | The HPCI shall comply with design verification requirements to verify Regulatory Guide 1.89 - Environmental Qualification
adequacy of design under the most adverse design conditions. of Certain Electric Equipment Important to Safety
for Nuclear Power Plants
HPCI-DR-26 | The HPCI shall comply with the requirement to: Regulatory Guide 1.97 - Criteria for Accident
Monitoring Instrumentation for Nuclear Power
(1) provide information required to permit the operator to take preplanned Plants
manual actions to accomplish safe plant shutdown;
(2) determine whether the reactor trip, engineered safety feature systems,
and manually initiated safety systems and other systems important to safety
are performing their intended functions (i.e., reactivity control, core cooling,
maintaining reactor coolant system integrity, and maintaining containment
integrity);
(3) provide information to the operators that will enable them to determine
the potential for causing a gross breach of the" barriers to radioactivity
release (i.e., fuel cladding, reactor coolant pressure boundary, and
containment) and to determine if a gross breach of a barrier has occurred.
HPCI-DR-27 | The HPCI shall comply with design verification requirements to verify the Regulatory Guide 1.100 - Seismic Qualification of

seismic adequacy of electric equipment.

Electric and Mechanical Equipment for Nuclear
Power Plants

1129-0172-SPEC-001, Revision 2

Page 154 of 389




HPCI DESIGN REQUIREMENTS

to provide the highest degree of protective action at the system level when
required.

ID # Requirement New Source / Basis

HPCI-DR-28 | The HPCI shall design shall implement setpoints that assure sufficient margin Regulatory Guide 1.105 - Instrument Setpoint
between Technical Specification limits and the trip setpoint to account for
instrument inaccuracy, calibration uncertainties and instrument drift.
Consideration of instrument span and range as well as environmental
influences must be included.

HPCI-DR-29 | The HPCI shall comply with the requirements for periodic testing of electric Regulatory Guide 1.118 - Periodic Testing of Electric
power and protection systems. Power and Protection Systems

HPCI-DR-30 | The HPCI shall, with precision and reliability, initiate the startup of a steam IEEE Std. 603, Section 5.0 Safety System Criteria and
driven turbine pump and alignment of valves to support a flow injection 6.1 Automatic Control
pathway to the reactor vessel.

HPCI-DR-31 | The HPCI shall initiate when the monitored plant parameter exceeds the IEEE Std. 603, Section 6.1 Automatic Control
following trip setpoint:
Reactor Vessel Water Level 2 < -38 inches
Drywell Pressure > 1.68 psig

HPCI-DR-32 | The HPCI signal input to actuation output propagation time shall be less than IEEE Std. 603, Section 4.10
100 milliseconds.

HPCI-DR-33 | The HPCI shall be capable of initiating under all required modes of reactor IEEE Std. 603, Section 4.1
operation.

HPCI-DR-34 | The HPCI shall ensure that the protective action, once started, continues to IEEE Std. 603, Section 5.2 Completion of Protective
completion. Action

HPCI-DR-35 | HPCI shall not be required to be single failure proof, but should be designed IEEE Std. 603, Section 5.1 Single Failure Criterion

and IEEE Std. 7-4.3.2 Section 5.1 Single Failure
Criterion
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ID # Requirement New Source / Basis

HPCI-DR-36 | Components and modules shall be of a quality that is consistent with IEEE Std. 603 section 5.3 Quality and IEEE Std. 7-
minimum maintenance requirements and low failure rates. Quality levels 4.3.2 section 5.3 Quality
shall be achieved through the specification of requirements known to
promote high quality, such as requirements for design, for the derating of
components, for manufacturing, quality control, inspection, calibration, and
test.

HPCI-DR-37 | Type test data or reasonable engineering extrapolation based on test data IEEE Std. 603 section 5.4 Equipment Qualification
shall be available to verify that protection system equipment shall meet, ona | and IEEE Std. 7-4.3.2 section 5.4 Equipment
continuing basis, the performance requirements determined to be necessary | Qualification
for achieving the system requirements.

HPCI-DR-38 | All protection system channels shall be designed to maintain necessary IEEE Std. 603 section 5.5 System Integrity and IEEE
functional capability under extremes of conditions (as applicable) relating to Std. 7-4.3.2 and section 5.5 Independence
environment, energy supply, malfunctions and accidents.

HPCI-DR-39 | Channels that provide signals for the same protective function shall be IEEE Std. 603 section 5.6 Independence and IEEE
independent and physically separated to accomplish decoupling of the effects | Std. 7-4.3.2 and section 5.6 System Integrity
of unsafe environmental factors, electric transients, and physical accident
consequences documented in the design basis, and to reduce the likelihood of
interactions between channels during maintenance operations or in the event
of channel malfunction.

HPCI-DR-40 | Any equipment that is used for both protective and control functions shall be | IEEE Std. 603 section 5.6 Independence and IEEE
classified as part of the protection system and shall meet all the applicable Std. 7-4.3.2 and section 5.6 Independence
requirements.

HPCI-DR-41 | The transmission of signals from protection system equipment for control IEEE Std. 603 section 5.6 Independence and IEEE

system use shall be through isolation devices which shall be classified as part
of the protection system and shall meet all the applicable requirements. No
credible failure at the output of an isolation device shall prevent the
associated protection system channel from meeting the minimum
performance requirements specified.

Std. 7-4.3.2 and section 5.6 Independence
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ID # Requirement New Source / Basis

HPCI-DR-42 | Where a single random failure can cause a control system action that results IEEE Std. 603 section 6.3 Interaction Between the
in a generating station condition requiring protective action and can also Sense and Command Features and Other Systems
prevent proper action of a protection system channel designed to protect
against the condition, the remaining redundant protection channels shall be
capable of providing the protective action even when degraded by a second
random failure.

HPCI-DR-43 | Provisions shall be included so that the protective action can still be met if a IEEE Std. 603 section 6.3 Interaction Between the
channel is bypassed or removed from service for test or maintenance Sense and Command Features and Other Systems
purposes. Acceptable provisions include reducing the required coincidence,
defeating the control signals taken from the redundant channels, or initiating
a protective action from the bypassed channel.

HPCI-DR-44 | Where a credible single event can cause a control system action that results in | IEEE Std. 603 section 6.3 Interaction Between the
a condition requiring protective action and can concurrently prevent the Sense and Command Features and Other Systems
protective action from those protection system channels designated to
provide principal protection against the condition, then alternate channels
not subject to failure resulting from the same single event shall be provided to
limit the consequences of this event to a value specified by the design bases.

HPCI-DR-45 | To the extent feasible and practical, protection system inputs shall be derived | IEEE Std. 603 section 6.4 Derivation of System
from signals that are direct measures of the desired variables. Inputs

HPCI-DR-46 | Means shall be provided for checking, with a high degree of confidence, the IEEE Std. 603 section 6.5 Capability for Testing and
operational availability of each system input sensor during reactor operation. | Calibration

HPCI-DR-47 | Capability shall be provided for testing and calibrating channels and the IEEE Std. 603 section 6.5 Capability for Testing and
devices used to derive the final system output signal from the various channel | Calibration
signals.

HPCI-DR-48 | For those parts of the system where the required interval between testing will | IEEE Std. 603 section 6.5 Capability for Testing and

be less than the normal time interval between generating station shutdown:s,
there shall be capability for testing during power operation.

Calibration
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ID # Requirement New Source / Basis

HPCI-DR-49 | The system shall be designed to permit any one channel to be maintained, IEEE Std. 603 sections 6.7 Maintenance Bypass and
and when required, tested or calibrated during power operation without 7.5 Maintenance Bypass
initiating a protective action at the systems level.

HPCI-DR-50 | During such operation, the active parts of the system shall of themselves IEEE Std. 603 sections 6.7 Maintenance Bypass and
continue to meet the single failure criterion. 7.5 Maintenance Bypass

HPCI-DR-51 | Where operating requirements necessitate automatic or manual bypass of a IEEE Std. 603 sections 6.6 Operating Bypasses and
protective function, the design shall be such that the bypass will be removed 7.4 Operating Bypasses
automatically whenever permissive conditions are not met.

HPCI-DR-52 | Devices used to achieve automatic removal of the bypass of a protective IEEE Std. 603 sections 6.6 Operating Bypasses and
function are part of the protection system and shall be designed in 7.4 Operating Bypasses
accordance with these criteria.

HPCI-DR-53 | If the protective action of some part of the system has been bypassed or IEEE Std. 603 section 5.8 Information Displays and
deliberately rendered inoperative for any purpose, this fact shall be IEEE Std. 7-4.3.2 section 5.8 Information Displays
continuously indicated in the control room.

HPCI-DR-54 | The design shall permit the administrative control of the means for manually IEEE Std. 603 section 5.9 Control of Access and IEEE
bypassing channels or protective functions. Std. 7-4.3.2 section 5.9 Control of Access

HPCI-DR-55 | Where it is necessary to change to a more restrictive set point to provide IEEE Std. 603 section 6.8 Setpoints
adequate protection for a particular mode of operation or set of operating
conditions, the design shall provide positive means of assuring that the more
restrictive set point is used.

HPCI-DR-56 | The devices used to prevent improper use of less restrictive set points shall be | IEEE Std. 603 section 6.8 Setpoints
considered a part of the protection system and shall be designed in
accordance with the other provisions of these criteria regarding performance
and reliability.

HPCI-DR-57 | The protection system shall be so designed that, once initiated, a protective IEEE Std. 603 sections 5.2 Completion of Protective

action at the system level shall go to completion.

Action and 7.3 Completion of Protective Action
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ID # Requirement New Source / Basis
HPCI-DR-58 | Return to operation shall require subsequent deliberate operator action. IEEE Std. 603 sections 5.2 Completion of Protective
Action and 7.3 Completion of Protective Action

HPCI-DR-59 | The protection system shall include means for manual initiation of each IEEE Std. 603 sections 6.2 Manual Control and 7.2
protective action at the system level (for example, reactor trip, containment Manual Control
isolation, safety injection, core spray, etc).

HPCI-DR-60 | No single failure within the manual, automatic, or common portions of the IEEE Std. 603 section 7.2 Manual Control
protection system shall prevent initiation of protective action by manual or
automatic means.

HPCI-DR-61 | Manual initiation should depend upon the operation of a minimum of IEEE Std. 603 sections 6.2 Manual Control and 7.2
equipment. Manual Control

HPCI-DR-62 | The design shall permit the administrative control of access to all set point IEEE Std. 603 section 5.9 Control of Access and IEEE
adjustments, module calibration adjustments, and test points. Std. 7-4.3.2 section 5.9 Control of Access

HPCI-DR-63 | Protective actions shall be indicated and identified down to the channel level. | IEEE Std. 603 section 5.8 Information Displays and

IEEE Std. 7-4.3.2 section 5.8 Information Displays

HPCI-DR-64 | The protection system shall be designed to provide the operator with IEEE Std. 603 section 5.8 Information Displays and
accurate, complete, and timely information pertinent to its own status and to | IEEE Std. 7-4.3.2 section 5.8 Information Displays
generating station safety.

HPCI-DR-65 | The design shall minimize the development of conditions which would cause IEEE Std. 603 section 5.8 Information Displays and
meters, annunciators, recorders, alarms, etc, to give anomalous indications IEEE Std. 7-4.3.2 section 5.8 Information Displays
confusing to the operator.

HPCI-DR-66 | The system shall be designed to facilitate the recognition, location, IEEE Std. 603 section 5.10 Repair

replacement, repair, and adjustment of malfunctioning components or
modules.
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ID # Requirement New Source / Basis

HPCI-DR-67 | In order to provide assurance that the requirements given in this document IEEE Std. 603 section 5.11 Identification and IEEE
can be applied during the design, construction, maintenance, and operation Std. 7-4.3.2 section 5.11 Identification
of the plant, the protection system equipment (for example, interconnecting
wiring, components, modules, etc), shall be identified distinctively as being in
the protection system.

HPCI-DR-68 | This identification shall distinguish between redundant portions of the IEEE Std. 603 section 5.11 Identification and IEEE
protection system. (In the installed equipment, components, or modules Std. 7-4.3.2 section 5.11 Identification
mounted in assemblies that are clearly identified as being in the protection
system do not themselves require identification.) All software, firmware, and
programmable logic shall be identified in accordance with IEEE Std. 7-4.3.2
Clause 5.11.

HPCI-DR-69 | HPCI shall conform to the design criteria and features for Class 1E electric IEEE Std. 308 - Standard Criteria for Class 1E Power
systems to ensure that functional requirements under the conditions Systems for Nuclear Power Generating Stations
produced by design basis events are met.

HPCI-DR-70 | HPCI shall conform to the methods for demonstrating the qualification of IEEE Std. 323 - Qualifying Class 1E Equipment for
Class 1E equipment including components or equipment of any interface Nuclear Power Generating Stations
whose failure could adversely affect the performance of Class 1E systems and
electronic equipment.

HPCI-DR-71 | HPCI shall conform to the design and operational criteria for the performance | IEEE Std. 338 - Criteria for the Periodic Testing of
of periodic testing of nuclear power generating station safety systems. Nuclear Power Generating Station Protection

Systems

HPCI-DR-72 | HPCI shall meet its Class 1E performance requirements during and following IEEE Std. 344 - Guide for Seismic Qualification of
one SSE (safe shutdown earthquake) preceeded by a number of OBEs Class 1 Electric Equipment for Nuclear Power
(operating basis earthquakes). Generating Stations

HPCI-DR-73 | HPCI shall meet the single failure criterion as described and classified in IEEE IEEE Std. 379 - Application of the Single-Failure

Std. 379.

Criterion to Nuclear Power Generating Station
Safety Systems
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ID #

Requirement

New Source / Basis

HPCI-DR-74

HPCI shall meet the criteria and requirements for establishing and maintaining
the independence of Class 1E equipment and circuits and auxiliary supporting
features by physical separation and electrical isolation.

IEEE Std. 384 - Criteria for Independence of Class 1E
Equipment and Circuits
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ID #

PPS/HPCI Requirement

PPS/HPCI Source / Basis

Notes / Clarification

HPCI-FR-1

PPS/HPCI shall be capable of providing signals to start the
steam turbine pump and align valves for delivering water

to the reactor as well as to initiate other SR equipment
either automatically when any of the monitored
parameters exceeds a pre-established value, or by
manual initiation.

GDC 35, IEEE Std. 603/IEEE
Std. 7-4.3.2

HPCI-FR-2

PPS/HPCI shall be comprised of two (2) independent and
separate divisions (Division 2 and Division 4) to perform
the following:

¢ Initiate a HPCl turbine pump start
¢ Provide HPCI turbine flow Control
¢ Trip the HPCI turbine

¢ |solate the HPCI turbine

GDC 22, Reg Guide 1.62

HPCI-FR-4

PPS/HPCI shall have four (4) independent channels
(Channel A, Channel B, Channel C and Channel D) that
each provide votes / signals to each of the divisions.

Reg Guide 1.53

The four channels are common to both divisions.

HPCI-FR-5

PPS/HPCI shall be capable of being powered by 125VDC
power.

Original design feature

HPCI-FR-6

Each division shall provide outputs that are capable of
interfacing with 125VDC loads.

Original design feature

HPCI-FR-7

Each channel shall receive an input from each of the
following monitored parameters that are provided as
common inputs to the PPS platform and are shared by
each of the PPS functions:

¢ Reactor Vessel Water Level 2 (Low) (RWL2)
* Reactor Vessel Water Level 8 (High) (RWL8)
¢ Drywell High Pressure (DHP)

¢ Reactor Vessel Pressure (RVP)

IEEE Std. 603/IEEE Std. 7-4.3.2

1129-0172-SPEC-001, Revision 2

Page 163 of 389




HPCI FUNCTIONAL REQUIREMENTS

ID #

PPS/HPCI Requirement

PPS/HPCI Source / Basis

Notes / Clarification

HPCI-FR-8

Each channel shall receive an input from each of the
following monitored parameters (4-20 mA sensor):

e Steam Line Pressure (SLP)
¢ Rupture Diaphragm High Pressure (RDHP)

Original design feature

HPCI-FR-9

Channel B and Channel D shall receive a 4-20 mA input
from each of the following monitored parameters:

¢ Condensate Storage Tank Level (CSTL)

e Suppression Chamber Level (SCL)

e HPCI Turbine Exhaust Pressure (HTEP)

¢ HPCI Steam Flow (HSF) (forward and reverse)

Original design feature

HPCI-FR-10

Channel B shall receive a 4-20 mA input from each of the
following monitored parameters:

e HPCI Pump Discharge Pressure (HPDP)

e HPCI Pump Flow 1 (HPF1)

¢ HPCI Pump Flow 2 (HPF2)

e HPCI Turbine Steam Supply Pressure (HTSSP)
e HPCI Pump Suction Pressure (HPSP1)

e HPCI Pump Suction Pressure (HPSP2)

Original design feature
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HPCI-FR-11

Channel B shall receive the following contact inputs:

* E41-FO72 LS9 (CI1)

¢ E41-FO01 LS13 (CI2)

¢ Turbine stop valve LS4 (CI3)

* E41-F041 LS2 (Cl4)

® E41-F042 LS2 (CI5)

e E41-FO72 LS10 (CI6)

e E51-F029 LS2 (CI7) (RCIC valve)
e E51-F031 LS2 (CI8) (RCIC valve)
¢ E41-FO06 LS16 (CI9)

¢ E41-FO06 LS13 (CI10)

¢ Barometric Condenser Vacuum Tank PP Start H1/H2
(CI11)

e E41-F003 LS11 (CI13)

e E41-F100 LS15 (Cl14)

e E41-N014 LSH (CI15)

e E41-F003 74 (CI17)

e E41-F072 74 (CI18)

e E41-F072 LS11 (CI19)

e AOP 49X (ClI24)

¢ E41-FO01 LS15 (CI25)

 Turbine bearing oil pressure PSL (CI26)

Original design feature
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HPCI-FR-12

Channel B shall receive the following contact inputs
(cont'd):

¢ Vacuum tank vacuum PSH (CI27)

¢ HPCI oil temperature TS DT-1 (CI28)

¢ HPCI oil filter high diff pressure DPI (CI29)

¢ HPCI oil tank level LSL/LSH (CI30)

¢ Vacuum tank condensate pump / BCVP 49X (CI31)
e Vacuum Tank level LSH56-120 H1/H2 (CI32)

* E41-F093 LS11 (CI33)

¢ Associated HPCI valve motor overcurrent (CI35)

¢ Vacuum tank level LSL56-121 LSL (CI37)

Original design feature

HPCI-FR-13

Channel D shall receive the following contact inputs:

e E41-F002 LS11 (CI12)

* E41-F002 74 (CI16)

e E41-F095 LS11 (CI34)

¢ Associated HPCI valve motor overcurrent (CI36)

Original design feature

HPCI-FR-14

Channels B and D shall receive the following inputs from
PPS/N4S:

¢ HPCl area temperatures (isolate) (DI1)

Original design feature

HPCI-FR-15

Channel B shall provide a vote to close to each division
when Cl1 is satisfied (contact closed)

Project design approach

HPCI-FR-16

Channel B shall provide a condition vote to each division
when CI2 is satisfied (contact open)

Project design approach

HPCI-FR-17

Channel B shall provide a condition vote to each division
when CI3 is satisfied (contact closed)

Project design approach

HPCI-FR-18

Channel B shall provide a condition vote to each division
when Cl4 is satisfied (contact open)

Project design approach
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HPCI-FR-19 | Channel B shall provide a condition vote to each division Project design approach
when CI5 is satisfied (contact closed)

HPCI-FR-20 | Channel B shall provide a condition vote to each division Project design approach
when CI6 is satisfied (contact closed)

HPCI-FR-21 | Channel B shall provide a condition vote to each division Project design approach
when CI7 is satisfied (contact closed)

HPCI-FR-22 | Channel B shall provide a condition vote to each division Project design approach
when CI8 is satisfied (contact closed)

HPCI-FR-23 | Channel B shall provide a condition vote to each division Project design approach
when CI9 is satisfied (contact closed)

HPCI-FR-24 | Channel B shall provide a condition vote to each division Project design approach
when CI10 is satisfied (contact closed)

HPCI-FR-25 | Channel B shall provide a condition vote to each division Project design approach
when CI11 is satisfied (contact closed)

HPCI-FR-26 | Channel D shall provide an annunciate vote to each Project design approach
division when ClI12 is satisfied (contact closed)

HPCI-FR-27 | Channel B shall provide an annunciate vote to each Project design approach
division when ClI13 is satisfied (contact closed)

HPCI-FR-28 | Channel B shall provide an annunciate vote to each Project design approach
division when Cl14 is satisfied (contact closed)

HPCI-FR-29 | Channel B shall provide an open vote to each division Project design approach
when CI15 is satisfied (contact closed)

HPCI-FR-30 | Channel B shall provide an annunciate vote to each Project design approach
division when CI15 is satisfied (contact closed)

HPCI-FR-31 | Channel D shall provide an annunciate vote to each Project design approach
division when CI16 is satisfied (contact closed)

HPCI-FR-32 | Channel B shall provide an annunciate vote to each Project design approach
division when CI17 is satisfied (contact closed)

HPCI-FR-33 | Channel B shall provide an annunciate vote to each Project design approach

division when CI18 is satisfied (contact closed)
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HPCI-FR-34 | Channel B shall provide an annunciate vote to each Project design approach
division when CI19 is satisfied (contact closed)

HPCI-FR-35 | Channel B shall provide a vote to annunciate to each Project design approach
division when ClI24 is satisfied (contact closed).

HPCI-FR-36 | Channel B shall provide an annunciate vote to each Project design approach
division when CI25 is satisfied (contact closed) after a 15
second time delay

HPCI-FR-37 | Channel B shall provide a annunciate vote to each Project design approach
division when CI26 is satisfied (contact closed)

HPCI-FR-38 | Channel B shall provide a annunciate vote to each Project design approach
division when CI27 is satisfied (contact closed)

HPCI-FR-39 | Channel B shall provide a annunciate vote to each Project design approach
division when CI28 is satisfied (contact closed)

HPCI-FR-40 | Channel B shall provide a annunciate vote to each Project design approach
division when CI29 is satisfied (contact closed)

HPCI-FR-41 | Channel B shall provide a annunciate vote to each Project design approach
division when CI30 is satisfied (contact closed)

HPCI-FR-42 | Channel B shall provide a annunciate vote to each Project design approach
division when CI31 is satisfied (contact closed)

HPCI-FR-43 | Channel B shall provide a annunciate vote to each Project design approach
division when CI32 is satisfied (contact closed)

HPCI-FR-44 | Channel B shall provide a annunciate vote to each Project design approach
division when CI33 is satisfied (contact closed)

HPCI-FR-45 | Channel D shall provide a annunciate vote to each Project design approach
division when CI34 is satisfied (contact closed)

HPCI-FR-46 | Channel B shall provide a annunciate vote to each Project design approach
division when CI35 is satisfied (contact closed)

HPCI-FR-47 | Channel D shall provide a annunciate vote to each Project design approach
division when CI36 is satisfied (contact closed)

HPCI-FR-48 | Channel B shall provide a annunciate vote to each Project design approach

division when CI37 is satisfied (contact closed)
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HPCI-FR-49 | Channel B shall provide an isolate vote to each division Project design approach
when DI1 is satisfied.

HPCI-FR-50 | Channel D shall provide an isolate vote to each division Project design approach
when DI1 is satisfied.

HPCI-FR-51 | Each input to a channel (ma, contact input or digital Project design approach The term "shall be voted on" indicates that the
signal) shall be voted on by the channel based on the channel performs a bi-stable comparison against a
condition (condition met or not met). pre-determined configurable setpoint to

determine whether the input is at or above/below
the setpoint value.

HPCI-FR-52 Each channel shall provide the status of the vote (e.g. Project design approach The terms “not function”, “function”,
vote to not function if condition not met; vote to function “annunciate” describe different types of votes that
if condition met; vote to annunciate) to each of the may be provided by a channel (Note - others may
divisions. be specified within the requirements). A

particular vendor solution may combine one or
more of the vote types into a single channel vote
based on the capabilities of the platform.

HPCI-FR-53 Each division shall determine whether the votes to Project design approach
function for each type of input satisfy the voting criteria
(e.g. 2004).

HPCI-FR-54 | Each division shall execute a function when the voting Project design approach
criteria is satisfied.

HPCI-FR-55 Each input to a channel shall have an associated voter Project design approach

(e.g. 2004) within each division to ensure that trip inputs
are voted separately.
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HPCI-FR-56 | Each division shall generate an output for an isolation, Project design approach As an example, the RWL2 input to Channels A, B, C
trip or initiation, when the required voting has been and D shall be sent to a 2004 voter in each of the
satisfied. divisions (Division 2 and Division 4). When at least
two of the four RWL2 inputs to the 2004 voter
achieves a trip state, the associated division
generates an output. The generated output may
be dependent on additional voting to be satisfied.
Some outputs require different voting schemes
which are described within the requirement.
HPCI-FR-57 | Channel B shall include a manual initiation feature GDC 13, GDC 22, IEEE Std.
located in the control room that requires two distinct 603/IEEE Std. 7-4.3.2, IEEE Std.
actions (e.g. arming prior to functioning) to be 338
completed.
HPCI-FR-58 Channel B shall provide a vote to annunciate to Division 2 | IEEE Std. 603/IEEE Std. 7-4.3.2
upon the first distinct action for the associated manual
initiation feature being satisfied.
HPCI-FR-59 Division 2 shall provide annunciation for MANUAL IEEE Std. 603/IEEE Std. 7-4.3.2
INITIATION SWITCH ARMED via the HMI when 1001
annunciate votes are received for the first distinct action
for the manual initiation feature.
HPCI-FR-60 | Channel B shall provide a vote for manual initiation to Project design approach
Division 2 on the second distinct action being satisfied.
HPCI-FR-61 Each channel shall provide a vote for HPCl pump start to Project design approach
each division when RWL2 input reaches setpoint.
HPCI-FR-62 Each channel shall provide a vote for HPCl pump start to Project design approach
each division when DHP input reaches setpoint
HPCI-FR-63 Division 2 shall initiate a HPCI turbine pump start when GDC 35
2004 start votes for RWL2 input are received.
HPCI-FR-64 | Division 2 shall initiate a HPCI turbine pump start when GDC 35

2004 start votes for DHP input are received.
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HPCI-FR-65 | Division 2 shall initiate a HPCI turbine pump start when GDC35
1001 manual initiation votes is received.
HPCI-FR-66 | On a HPClI start, Division 2 shall provide an output to start | Original design feature
the barometric condenser vacuum pump (BCVP).
HPCI-FR-67 | On a HPCl start, Division 2 shall provide an output to an IEEE Std. 603/IEEE Std. 7-4.3.2
indicating light via the HMI.
HPCI-FR-68 | Division 2 shall provide the capability to manually reset Original design feature
the indicating light (HMI) unless the HPCI turbine pump
start condition is present.
HPCI-FR-69 | Division 2 shall seal in the output to start the barometric | Original design feature
condenser vacuum pump (BCVP).
HPCI-FR-70 | Division 2 shall provide the capability to manually reset Original design feature
the BCVP sealed in output unless the HPCI turbine pump
start condition is present.
HPCI-FR-71 Division 2 shall provide a means to manually introduce a Original design feature
momentary signal to start or stop the BCVP by providing
a signal to the pump control circuit.
HPCI-FR-72 | On a HPClI start, Division 2 shall provide an output to start | GDC 35, IEEE Std. 603/IEEE
the auxiliary oil pump (AOP). Std. 7-4.3.2
HPCI-FR-73 Division 2 shall seal in the output to start the auxiliary oil | GDC 35, IEEE Std. 603/IEEE
pump (AOP). Std. 7-4.3.2
HPCI-FR-74 | Division 2 shall provide the capability to manually reset Original design feature
the AOP sealed in output unless the HPCI turbine pump
start condition is present.
HPCI-FR-75 Division 2 shall provide a means to manually start or stop | Reg Guide 1.62, IEEE Std.
the AOP by providing a signal to the pump control circuit. | 603/IEEE Std. 7-4.3.2
HPCI-FR-76 Division 2 shall provide AOP operating status indication IEEE Std. 603/IEEE Std. 7-4.3.2

via the HMI based on contact inputs from the associated
pump control circuit.
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HPCI-FR-77 | Division 2 shall provide annunciation for HPCI OUT OF Reg Guide 1.47 (BISI), IEEE Std.
SERVICE via the HMI when 1oo1 annunciate votes for 603/IEEE Std. 7-4.3.2
Cl24 input are received.
HPCI-FR-78 Division 2 shall provide AOP Overload / Power Loss alarm | IEEE Std. 603/IEEE Std. 7-4.3.2
capability via the HMI when 1001 annunciate votes for
Cl24 input are received.
HPCI-FR-79 | On a HPClI start, Division 2 shall provide an output to GDC 35, IEEE Std. 603/IEEE
open valve E41-FO01 when 1lool condition votes for CI1 Std. 7-4.3.2
input is received.
HPCI-FR-80 | Division 2 shall provide a means to manually introduce a Original design feature
momentary signal to open or close valve E41-FO01 or
terminate valve motion midstream from the control
room.
HPCI-FR-81 Division 2 shall provide valve E41-F001 position indication | Reg Guide 1.97, IEEE Std.
via the HMI based on contact inputs from the associated 603/IEEE Std. 7-4.3.2
valve limit switches.
HPCI-FR-82 On a HPCl start, Division 2 shall provide an output to GDC 35, IEEE Std. 603/IEEE
open valve E41-F006 when 1001 condition votes for CI2 Std. 7-4.3.2
and 1001 condition votes for CI3 are satisfied.
HPCI-FR-83 Division 2 shall provide an output to close valve E41-FO06 | Original design feature
(and inhibit opening) when 0oo1 condition votes for CI2
input are received.
HPCI-FR-84 | Division 2 shall provide an output to close valve E41-FO06 | Original design feature
(and inhibit opening) when 0001 condition votes for CI3
input are received.
HPCI-FR-85 Division 2 shall provide a means to manually introduce a Original design feature

momentary signal to open or close valve E41-FO06 or
terminate valve motion midstream from the control
room.
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HPCI-FR-86 | Division 2 shall provide valve E41-FO06 position indication | IEEE Std. 603/IEEE Std. 7-4.3.2
via the HMI based on contact inputs from the associated
valve limit switches.

HPCI-FR-87 | On a HPClI start, Division 2 shall provide an output to GDC 35, IEEE Std. 603/IEEE
open valve E41-F105 when 1lool condition votes for CI2 Std. 7-4.3.2
and loo1l condition votes for CI3 are satisfied.

HPCI-FR-88 | Division 2 shall provide an output to close valve E41-F105 | Original design feature
(and inhibit opening) when 0001 condition votes for CI2
input are received.

HPCI-FR-89 | Division 2 shall provide an output to close valve E41-F105 | Original design feature
(and inhibit opening) when 0001 condition votes for CI3
input are received.

HPCI-FR-90 | Division 2 shall provide a means to manually introduce a Original design feature
momentary signal to open or close valve E41-F105 or
terminate valve motion midstream from the control
room.

HPCI-FR-91 Division 2 shall provide valve E41-F105 position indication | Reg Guide 1.97, IEEE Std.
via the HMI based on contact inputs from the associated 603/IEEE Std. 7-4.3.2
valve limit switches.

HPCI-FR-92 Division 2 shall provide a means to manually test the Original design feature
closing of valves E41-FO06 and E41-F105 together.

HPCI-FR-93 Division 2 shall provide annunciation for HPCI OUT OF Reg Guide 1.47 (BISI), IEEE Std.
SERVICE via the HMI when valves E41-FO06 and E41-F105 | 603/IEEE Std. 7-4.3.2
are in test.

HPCI-FR-94 | On a HPClI start, Division 2 shall provide an output to GDC 35, IEEE Std. 603/IEEE
open valve E41-F007. Std. 7-4.3.2

HPCI-FR-95 Division 2 shall provide a means to manually introduce a Original design feature

momentary signal to open or close valve E41-FO07 or
terminate valve motion midstream from the control
room.
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HPCI-FR-96 | Division 2 shall provide valve E41-FO07 position indication | IEEE Std. 603/IEEE Std. 7-4.3.2
via the HMI based on contact inputs from the associated
valve limit switches.

HPCI-FR-97 | Division 2 shall provide a means to manually test the Original design feature
closing of valve E41-F007.

HPCI-FR-98 | Division 2 shall provide annunciation for HPCI OUT OF Reg Guide 1.47 (BISI), IEEE Std.
SERVICE via the HMI when valve E41-F0O07 is in test. 603/IEEE Std. 7-4.3.2

HPCI-FR-99 | On a HPClI start, Division 2 shall provide an output to GDC 35, IEEE Std. 603/IEEE
open valve E41-FO04 when 1oo1l condition votes for Cl4 Std. 7-4.3.2
input is received.

HPCI-FR-100 | Division 2 shall provide an output to close valve E41-FO04 | Original design feature
when 0ool condition votes for Cl4 and 1001 condition
votes for CI5 are satisfied.

HPCI-FR-101 | Division 2 shall provide a means to manually introduce a Original design feature
momentary signal to open or close valve E41-FO04 or
terminate valve motion midstream from the control
room.

HPCI-FR-102 | Division 2 shall provide valve E41-F004 position indication | IEEE Std. 603/IEEE Std. 7-4.3.2
via the HMI based on contact inputs from the associated
valve limit switches.

HPCI-FR-103 | On a HPClI start, Division 2 shall provide an output to GDC 37, IEEE Std. 603/IEEE
close valve E41-FO11. Std. 7-4.3.2

HPCI-FR-104 | Division 2 shall provide an output to close valve E41-FO11 | Original design feature
when 0oo1 condition votes for Cl4 input are received.

HPCI-FR-105 | Division 2 shall provide an output to close valve E41-FO11 | Original design feature
when 1001 condition votes for CI7 input are received.

HPCI-FR-106 | Division 2 shall provide an output to close valve E41-FO11 | Original design feature
when 1001 condition votes for CI8 input are received.

HPCI-FR-107 | Division 2 shall provide a means to manually open and Original design feature

close valve E41-FO11 or terminate valve motion
midstream from the control room.
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HPCI-FR-108 | Division 2 shall provide valve E41-F011 position indication | IEEE Std. 603/IEEE Std. 7-4.3.2
via the HMI based on contact inputs from the associated
valve limit switches.

HPCI-FR-109 | On a HPClI start, Division 2 shall provide an output to GDC 37, IEEE Std. 603/IEEE
close valve E41-F008. Std. 7-4.3.2

HPCI-FR-110 | Division 2 shall provide a signal to close valve E41-FO08 Original design feature
when lool condition votes for CI9 input is received.

HPCI-FR-111 | Division 2 shall provide a means to manually introduce a Original design feature
momentary signal to close valve E41-FO08 or terminate
valve motion midstream from the control room.

HPCI-FR-112 | Division 2 shall provide a means to manually introduce a Original design feature
momentary signal to open valve E41-FO08 when 1001
condition votes for CI10 input is received.

HPCI-FR-113 | Division 2 shall provide valve E41-FO08 position indication | IEEE Std. 603/IEEE Std. 7-4.3.2
via the HMI based on contact inputs from the associated
valve limit switches.

HPCI-FR-114 | On a HPClI start, Division 2 shall provide an output to IEEE Std. 603/IEEE Std. 7-4.3.2
close valve E41-FO71.

HPCI-FR-115 | Division 2 shall provide a means to manually introduce a Original design feature
momentary signal to open or close valve E41-FO71 or
terminate valve motion midstream from the control
room.

HPCI-FR-116 | Division 2 shall provide valve E41-F071 position indication | Reg Guide 1.97, IEEE Std.
via the HMI based on contact inputs from the associated 603/IEEE Std. 7-4.3.2
valve limit switches.

HPCI-FR-117 | Channel B shall provide the HPDP signal to Division 2. IEEE Std. 603/IEEE Std. 7-4.3.2

HPCI-FR-118 | Division 2 shall provide the HPDP signal for indicator IEEE Std. 603/IEEE Std. 7-4.3.2
display via the HMI.

HPCI-FR-119 | Channel B shall provide a vote to open to each division IEEE Std. 603/IEEE Std. 7-4.3.2

when HPF1 exceeds setpoint low.
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HPCI-FR-120 | A 15 second timer shall start when HPF1 exceeds setpoint | IEEE Std. 603/IEEE Std. 7-4.3.2
low.

HPCI-FR-121 | When the timer expires Channel B shall provide a vote to | IEEE Std. 603/IEEE Std. 7-4.3.2
annunciate for to each division.

HPCI-FR-122 | Channel B shall provide a vote to open to each division IEEE Std. 603/IEEE Std. 7-4.3.2
when HPDP exceeds setpoint high.

HPCI-FR-123 | Division 2 shall provide an output to open valve E41-F012 | IEEE Std. 603/IEEE Std. 7-4.3.2
when 1lool open votes for HPF1 input is received and
1lool open votes for HPDP input is received.

HPCI-FR-124 | Division 2 shall provide annunciation for HPCI PUMP LO IEEE Std. 603/IEEE Std. 7-4.3.2
FLOW via the HMI when 1loo1l annunciate votes for HPF1
input is received and 1001 annunciate votes for CI25 is
received.

HPCI-FR-125 | Division 2 shall provide an output to close valve E41-F012 | Original design feature
when 0ool open votes for HPF1 input is received.

HPCI-FR-126 | Division 2 shall provide an output to close valve E41-F012 | Original design feature
when 0oo1 condition votes for CI2 input is received.

HPCI-FR-127 | Division 2 shall provide an output to close valve E41-F012 | Original design feature
when 0oo1 condition votes for CI3 input is received.

HPCI-FR-128 | Division 2 shall provide a means to manually introduce a Original design feature
momentary signal to open or close valve E41-F012 or
terminate valve motion midstream from the control
room.

HPCI-FR-129 | Division 2 shall provide valve E41-F012 position indication | Reg Guide 1.97, IEEE Std.
via the HMI based on contact inputs from the associated 603/IEEE Std. 7-4.3.2
valve limit switches.

HPCI-FR-130 | Division 2 shall provide two (2) outputs for HPCI Original design feature

compartment cooling when 1001 open votes for HPDP
input is received.
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HPCI-FR-131

Division 2 shall provide a signal to open valve E41-FO59
when 1lool condition votes for CI3 input is received and
loo1l condition votes for CI6 input is received.

IEEE Std. 603/IEEE Std. 7-4.3.2

HPCI-FR-132

Division 2 shall provide a signal to close valve E41-FO59
when 0ool condition votes for CI3 input is received.

Original design feature

HPCI-FR-133

Division 2 shall provide a means to manually introduce a
momentary signal to close valve E41-FO59 or terminate
valve motion midstream from the control room.

Original design feature

HPCI-FR-134

Division 2 shall provide a means to manually introduce a
momentary signal to open valve E41-FO59 when 1001
condition votes for CI6 input is received.

Original design feature

HPCI-FR-135

Division 2 shall provide valve E41-F059 position indication
via the HMI based on contact inputs from the associated
valve limit switches.

IEEE Std. 603/IEEE Std. 7-4.3.2

HPCI-FR-136

Division 2 shall provide an output to close valve E41-F028
when 1001 condition votes for CI2 input is received.

IEEE Std. 603/IEEE Std. 7-4.3.2

HPCI-FR-137

Division 2 shall provide a means to manually open valve
E41-F028 when 0oo1 condition votes for CI2 input is
received.

Original design feature

HPCI-FR-138

Division 2 shall provide a means to manually close valve
E41-FO28.

Original design feature

HPCI-FR-139

Division 2 shall provide valve E41-F028 position indication
via the HMI based on contact inputs from the associated
valve limit switches.

IEEE Std. 603/IEEE Std. 7-4.3.2

HPCI-FR-140

Division 2 shall provide a signal to close valve E41-F029
when 1001 condition votes for CI2 input is received.

IEEE Std. 603/IEEE Std. 7-4.3.2

HPCI-FR-141

Division 2 shall provide a means to manually open valve
E41-F029 when 0oo1 condition votes for CI2 input is
received.

Original design feature

HPCI-FR-142

Division 2 shall provide a means to manually close valve
E41-F029.

Original design feature
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HPCI-FR-143

Division 2 shall provide valve E41-F029 position indication
via the HMI based on contact inputs from the associated
valve limit switches.

IEEE Std. 603/IEEE Std. 7-4.3.2

HPCI-FR-144

Division 2 shall provide a signal to close valve E41-F026
when lool condition votes for CI2 input is received.

IEEE Std. 603/IEEE Std. 7-4.3.2

HPCI-FR-145

Division 2 shall provide a signal to close valve E41-F026
when 1lool condition votes for CI11 is received.

Original design feature

HPCI-FR-146

Division 2 shall provide a signal to open valve E41-F026 if
0001 condition votes for Cl11 input is received and Ooo1l
condition votes for CI2 is received.

Original design feature

HPCI-FR-147

Division 2 shall provide a means to manually open valve
E41-F026 when 0oo1 condition votes for CI2 input is
received.

Original design feature

HPCI-FR-148

Division 2 shall provide a means to manually close valve
E41-FO26.

Original design feature

HPCI-FR-149

Division 2 shall provide valve E41-F026 position indication
via the HMI based on contact inputs from the associated
valve limit switches.

IEEE Std. 603/IEEE Std. 7-4.3.2

HPCI-FR-150

Division 2 shall provide an output to close valve E41-F025
when 1001 condition votes for CI2 input is received.

IEEE Std. 603/IEEE Std. 7-4.3.2

HPCI-FR-151

Division 2 shall provide a means to manually open valve
E41-F025 when 0oo1 condition votes for CI2 input is
received.

Original design feature

HPCI-FR-152

Division 2 shall provide a means to manually close valve
E41-FO25.

Original design feature

HPCI-FR-153

Division 2 shall provide valve E41-F025 position indication
via the HMI based on contact inputs from the associated
valve limit switches.

IEEE Std. 603/IEEE Std. 7-4.3.2

HPCI-FR-154

Division 2 shall provide a signal to the turbine control
ramp/signal generator when 1001 condition votes for CI3
input is received.

Original design feature
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PID level control.

Stakeholder design item

ID # PPS/HPCI Requirement PPS/HPCI Source / Basis Notes / Clarification
HPCI-FR-155 | Channel B shall provide the RWL2 signal to Division 2. Original design feature
HPCI-FR-156 | Channel B shall provide the RVP signal to Division 2. Original design feature
HPCI-FR-157 | Channel B shall condition the HPF2 signal through a Reg Guide 1.97

square root converter and convert dP to a flow signal.
HPCI-FR-158 | Channel B shall provide the resultant flow signal to Reg Guide 1.97
Division 2.
HPCI-FR-159 | Division 2 shall provide the HPCI pump flow signal to the Reg Guide 1.97
flow controller.
HPCI-FR-160 | Division 2 shall provide the HPCI pump flow signal for Reg Guide 1.97
indicator capability via the HMI.
HPCI-FR-161 | Division 2 flow controller shall compare the flow signal to | Original design feature
a flow setpoint and provide a speed demand signal to the
turbine control ramp/signal generator.
HPCI-FR-162 | Division 2 flow controller shall be capable of providing
PID flow control. Project design approach
HPCI-FR-163 | Division 2 shall provide a means to manually adjust the IEEE Std. 603/IEEE Std. 7-4.3.2
flow setpoint of the flow controller.
HPCI-FR-164 | Division 2 shall provide the means to manually transfer
from flow control mode to a level control mode. Stakeholder design item
HPCI-FR-165 | Division 2 shall provide the RWL2 input signal to a level
controller. Stakeholder design item
HPCI-FR-166 | Division 2 shall provide the RWL2 signal for indicator
capability via the HMI and transmit computer data to the
non-SR DCS platform. Stakeholder design item
HPCI-FR-167 | Division 2 level controller shall compare the RWL2 level
signal to a level setpoint and provide a speed demand
signal to the turbine control ramp/signal generator and
transmit computer data to the non-SR DCS platform. Stakeholder design item
HPCI-FR-168 | Division 2 level controller shall be capable of providing
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ID # PPS/HPCI Requirement PPS/HPCI Source / Basis Notes / Clarification
HPCI-FR-169 | Division 2 shall provide a means to manually adjust the
level setpoint of the level controller. Stakeholder design item
HPCI-FR-170 | Division 2 shall provide the means to manually transfer
from flow control mode to a pressure control mode. Stakeholder design item
HPCI-FR-171 | Division 2 shall provide the RVP input signal to a pressure
controller. Stakeholder design item
HPCI-FR-172 | Division 2 shall provide the RVP signal for indicator
capability via the HMI and transmit computer data to the
non-SR DCS platform. Stakeholder design item
HPCI-FR-173 | Division 2 level controller shall compare the RVP pressure
signal to a pressure setpoint and provide a speed demand
signal to the turbine control ramp/signal generator and
transmit computer data to the non-SR DCS platform. Stakeholder design item
HPCI-FR-174 | Division 2 pressure controller shall be capable of
providing PID pressure control. Stakeholder design item
HPCI-FR-175 | Division 2 shall provide a means to manually adjust the
pressure setpoint of the pressure controller. Stakeholder design item
HPCI-FR-176 | Division 2 shall be capable of receiving a 0-1 mA turbine Original design feature
speed signal from the turbine EGM control box and
providing it for indicator capability via the HMI.
HPCI-FR-177 | Channel B shall provide the HTSSP signal to Division 2. IEEE Std. 603/IEEE Std. 7-4.3.2
HPCI-FR-178 | Division 2 shall provide the HTSSP signal for indicator IEEE Std. 603/IEEE Std. 7-4.3.2
capability via the HMI.
HPCI-FR-179 | Channel B shall provide a vote to transfer to each division | Project design approach
when SCL exceeds setpoint high.
HPCI-FR-180 | Channel B shall provide a vote to annunciate to each Project design approach
division when SCL exceeds setpoint high.
HPCI-FR-181 | Channel B shall initiate a 12 second timer when CSTL Project design approach
exceeds setpoint low.
HPCI-FR-182 | When the timer expires, Channel B shall provide a vote to | Project design approach

transfer to each division.
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ID # PPS/HPCI Requirement PPS/HPCI Source / Basis Notes / Clarification

HPCI-FR-183 | When the timer expires, Channel B shall provide a vote to | Project design approach
annunciate to each division.

HPCI-FR-184 | Channel B shall reset the timer if CSTL no longer exceeds | Project design approach
setpoint before the timer expires.

HPCI-FR-185 | Channel D shall provide a vote to transfer to each division | Project design approach
when SCL exceeds setpoint high.

HPCI-FR-186 | Channel D shall provide a vote to annunciate to each Project design approach
division when SCL exceeds setpoint high.

HPCI-FR-187 | Channel D shall initiate a 12 second timer when CSTL Project design approach
exceeds setpoint low.

HPCI-FR-188 | When the timer expires, Channel D shall provide a vote to | Project design approach
transfer to each division.

HPCI-FR-189 | When the timer expires, Channel D shall provide a vote to | Project design approach
annunciate to each division.

HPCI-FR-190 | Division 2 shall initiate a transfer of the HPCI pump Original design feature
suction source from the CST to the suppression chamber
when 1002 transfer votes for SCL input is received.

HPCI-FR-191 | Division 2 shall initiate a transfer of the HPCI pump Original design feature
suction source from the CST to the suppression chamber
when 1002 transfer votes for CSTL input is received.

HPCI-FR-192 | Division 2 shall provide annunciation for COND STORAGE | IEEE Std. 603/IEEE Std. 7-4.3.2
TANK LO LEVEL / SUCTION TRANSFER via the HMI when
1002 annunciate votes for CSTL input is received.

HPCI-FR-193 | Division 2 shall provide annunciation for SUPPRESSION IEEE Std. 603/IEEE Std. 7-4.3.2
POOL HI LEVEL via the HMI when 1002 annunciate votes
for SCL input is received.

HPCI-FR-194 | On a suction transfer, Division 2 shall provide an output Original design feature

to open valves E41-FO41 and E41-F042 to transfer the
suction source.
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ID # PPS/HPCI Requirement PPS/HPCI Source / Basis Notes / Clarification

HPCI-FR-195 | Division 2 shall provide the capability to trip the HPCI Reg Guide 1.47 (BISI), IEEE Std.
turbine by providing an output to energize the turbine 603/IEEE Std. 7-4.3.2
trip solenoid SV1.

HPCI-FR-196 | On a turbine trip, Division 2 shall provide annunciation for | IEEE Std. 603/IEEE Std. 7-4.3.2
HPCI OUT OF SERVICE and a HPClI turbine trip alarm via
the HMI.

HPCI-FR-197 | Each channel shall provide a vote to trip to each division Project design approach
when RWLS8 exceeds setpoint high

HPCI-FR-198 | Each channel shall seal in the RWLS8 input when setpoint Original design feature
is exceeded.

HPCI-FR-199 | Division 2 shall initiate a HPCI turbine trip when 2004 trip | GDC 35
votes for RWLS input are received.

HPCI-FR-200 | Each channel shall interrupt RWL8 seal-in when the RWL2 | Original design feature
exceeds setpoint low.

HPCI-FR-201 | Division 2 shall provide a means to manually introduce a Original design feature
momentary signal to trip the HPCI turbine.

HPCI-FR-202 | Channel B shall provide a vote to trip to each division Project design approach
when HPSP1 exceeds setpoint low.

HPCI-FR-203 | Channel B shall provide a vote to annunciate to each Project design approach
division when HPSP1 exceeds setpoint low.

HPCI-FR-204 | Channel B shall provide the HPSP2 signal to Division 2. Project design approach

HPCI-FR-205 | Channel B shall provide a vote to annunciate to each Project design approach
division when HPSP2 exceeds setpoint high.

HPCI-FR-206 | Channel B shall provide a vote to trip to each division Project design approach
when HTEP exceeds setpoint.

HPCI-FR-207 | Channel B shall provide a vote to annunciate to each Project design approach
division when HTEP exceeds setpoint.

HPCI-FR-208 | Channel B shall provide the HTEP signal to Division 2. Project design approach

HPCI-FR-209 | Channel D shall provide a vote to trip to each division Project design approach

when HTEP exceeds setpoint.
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ID # PPS/HPCI Requirement PPS/HPCI Source / Basis Notes / Clarification
HPCI-FR-210 | Channel D shall provide a vote to annunciate to each Project design approach
division when HTEP exceeds setpoint.
HPCI-FR-211 | Division 2 shall initiate a HPCI turbine trip when lool trip | Original design feature There are two transmitters that sense suction
vote for HPSP1 input is received. pressure. One that monitors pressure above
setpoint (for indicator and annunciator) and one
that monitors pressure below setpoint for tripping
turbine. Consider one transmitter for both, or
make use of both for reliability.
HPCI-FR-212 | Division 2 shall provide the HPSP2 signal for indicator IEEE Std. 603/IEEE Std. 7-4.3.2
capability via the HMI.
HPCI-FR-213 | Division 2 shall provide annunciation for HPC| PUMP IEEE Std. 603/IEEE Std. 7-4.3.2
SUCTION HI PRESS via the HMI when 1001 annunciate
votes for HPSP2 input is received.
HPCI-FR-214 | Division 2 shall provide annunciation for HPC| PUMP IEEE Std. 603/IEEE Std. 7-4.3.2
SUCTION LO PRESS via the HMI when 1lool annunciate
votes for HPSP1 input is received.
HPCI-FR-215 | Division 2 shall initiate a HPCI turbine trip when 1002 trip | Original design feature
votes for HTEP input are received.
HPCI-FR-216 | Division 2 shall provide annunciation for HPCI TURBINE IEEE Std. 603/IEEE Std. 7-4.3.2
EXHAUST HI PRESS via the HMI when 1002 annunciate
votes for HTEP input are received.
HPCI-FR-217 | Division 2 shall provide the HTEP signal for indicator IEEE Std. 603/IEEE Std. 7-4.3.2
capability via the HMI.
HPCI-FR-218 | Division 2 shall provide annunciation for HPCI OIL LO IEEE Std. 603/IEEE Std. 7-4.3.2
PRESS via the HMI when 1001 annunciate votes for CI26
input is received and 1001 annunciate votes for CI25
input is received.
HPCI-FR-219 | Division 2 shall provide annunciation for HPCI VACUUM IEEE Std. 603/IEEE Std. 7-4.3.2

TANK LO VACUUM via the HMI when 1oo1 annunciate
votes for CI27 input is received and 1oo1 annunciate
votes for CI25 input is received.
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ID # PPS/HPCI Requirement PPS/HPCI Source / Basis Notes / Clarification
HPCI-FR-220 | Division 2 shall provide annunciation for HPCI OIL HI IEEE Std. 603/IEEE Std. 7-4.3.2
TEMP via the HMI when 1oo1 annunciate votes for CI28
input is received.
HPCI-FR-221 | Division 2 shall provide annunciation for HPCI FILTER HI A | IEEE Std. 603/IEEE Std. 7-4.3.2
PRESS via the HMI when 1001 annunciate votes for CI29
input is received.
HPCI-FR-222 | Division 2 shall provide annunciation for HPCI OIL TANK IEEE Std. 603/IEEE Std. 7-4.3.2
LEVEL HI/LO via the HMI when 1001 annunciate votes for
CI30 input is received.
HPCI-FR-223 | Division 2 shall provide annunciation for HPCl VACUUM IEEE Std. 603/IEEE Std. 7-4.3.2
PUMP / COND PUMP / MOTOR OVLD / LOSS OF POWER
the HMI when 1001 annunciate votes for CI31 input is
received.
HPCI-FR-224 | Division 2 shall provide annunciation for HPCI VACUUM IEEE Std. 603/IEEE Std. 7-4.3.2
TANK HI/LO LEVEL via the HMI when 1001 annunciate
votes for CI32 input is received.
HPCI-FR-225 | Division 2 shall provide annunciation for HPCI VACUUM IEEE Std. 603/IEEE Std. 7-4.3.2
TANK HI/LO LEVEL via the HMI when 1oo1 annunciate
votes for CI37 input is received.
HPCI-FR-226 | Division 2 shall initiate an isolation signal when conditions | Reg Guide 1.53, IEEE Std.
for monitored parameters are satisfied. 603/IEEE Std. 7-4.3.2
HPCI-FR-227 | Division 4 shall initiate an isolation signal when conditions | Reg Guide 1.53, IEEE Std.
for monitored parameters are satisfied. 603/IEEE Std. 7-4.3.2
HPCI-FR-228 | The Division 2 isolation signal (whether automatic or Original design feature
manually initiated) shall remain sealed in until manually
reset.
HPCI-FR-229 | The Division 4 isolation signal (whether automatic or Original design feature
manually initiated) shall remain sealed in until manually
reset.
HPCI-FR-230 | Each division shall provide annunciation for HPCI OUT OF | Reg Guide 1.47 (BISI), IEEE Std.

SERVICE via the HMI when the isolation signal is initiated.

603/IEEE Std. 7-4.3.2
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ID #

PPS/HPCI Requirement

PPS/HPCI Source / Basis

Notes / Clarification

HPCI-FR-231

Each division shall provide HPCI Isolation Initiated alarm

capability via the HMI when an isolation signal is initiated.

Original design feature

HPCI-FR-232

The HSF input shall be used to monitor forward steam
flow and reverse steam flow.

Original design feature

HPCI-FR-233

Channel B shall provide a vote to isolate to each division
when HSF exceeds setpoint high after a three (3) second
time delay.

Project design approach

HPCI-FR-234

Channel B shall provide a vote to annunciate to each
division when HSF exceeds setpoint high after a three (3)
second time delay.

Project design approach

HPCI-FR-235

Channel B shall provide a vote to isolate to each division
when HSF exceeds setpoint low after a three (3) second
time delay.

Project design approach

HPCI-FR-236

Channel B shall provide a vote to annunciate to each
division when HSF exceeds setpoint low after a
three (3) second time delay.

Project design approach

HPCI-FR-237

Channel D shall provide a vote to isolate to each division
when HSF exceeds setpoint high after a three (3) second
time delay.

Project design approach

HPCI-FR-238

Channel D shall provide a vote to annunciate to each
division when HSF exceeds setpoint high after a
three (3) second time delay.

Project design approach

HPCI-FR-239

Channel D shall provide a vote to isolate to each division
when HSF exceeds setpoint low after a three (3) second
time delay.

Project design approach

HPCI-FR-240

Channel D shall provide a vote to annunciate to each
division when HSF exceeds setpoint low after a
three (3) second time delay.

Project design approach

HPCI-FR-241

Each channel shall provide a vote to isolate to each
division when SLP exceeds setpoint low.

Project design approach
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ID # PPS/HPCI Requirement PPS/HPCI Source / Basis Notes / Clarification

HPCI-FR-242 | Each channel shall provide a vote to annunciate to each Project design approach
division when SLP exceeds setpoint low.

HPCI-FR-243 | Each channel shall provide a vote to isolate to each Project design approach
division when RDHP exceeds setpoint high.

HPCI-FR-244 | Each channel shall provide a vote to annunciate to each Project design approach
division when RDHP exceeds setpoint high.

HPCI-FR-245 | Division 2 shall provide annunciation for Hl HPCI STEAM IEEE Std. 603/IEEE Std. 7-4.3.2
LINE FLOW via the HMI when 2004 annunciate votes for
HSF high input is received.

HPCI-FR-246 | Division 2 shall provide annunciation for Hl HPCI STEAM IEEE Std. 603/IEEE Std. 7-4.3.2
LINE FLOW via the HMI when 2004 annunciate votes for
HSF low input is received.

HPCI-FR-247 | Division 4 shall provide annunciation for H HPCI STEAM IEEE Std. 603/IEEE Std. 7-4.3.2
LINE FLOW via the HMI when 2004 annunciate votes for
HSF high input is received.

HPCI-FR-248 | Division 4 shall provide annunciation for HI HPCI STEAM IEEE Std. 603/IEEE Std. 7-4.3.2
LINE FLOW via the HMI when 2004 annunciate votes for
HSF low input is received.

HPCI-FR-249 | Division 2 shall initiate a HPCI solation signal when 2004 GDC 55, GDC 56
isolate votes for HSF input are received.

HPCI-FR-250 | Division 4 shall initiate a HPCl solation signal when 2004 GDC 55, GDC 56
isolate votes for HSF input are received.

HPCI-FR-251 | Division 2 shall initiate a HPCl solation signal when 1002 GDC 35, GDC 55, GDC 56,
isolate votes for DI1 input are received. NUREG-0737, IEEE Std.

603/IEEE Std. 7-4.3.2

HPCI-FR-252 | Division 4 shall initiate a HPCl solation signal when 1002 GDC 55, GDC 56, IEEE Std.
isolate votes for DI1 input are received. 603/IEEE Std. 7-4.3.2

HPCI-FR-253 | Division 2 shall initiate HPCI solation signal when 2004 GDC 55, GDC 56, IEEE Std.
isolate votes for SLP input are received. 603/IEEE Std. 7-4.3.2

HPCI-FR-254 | Division 4 shall initiate HPCI solation signal when 2004 GDC 55, GDC 56, IEEE Std.

isolate votes for SLP input are received.

603/IEEE Std. 7-4.3.2
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trip the HPClI turbine.

ID # PPS/HPCI Requirement PPS/HPCI Source / Basis Notes / Clarification
HPCI-FR-255 | Division 2 shall initiate HPCI solation signal when 2004 GDC 55, GDC 56, IEEE Std.
isolate votes for RDHP input are received. 603/IEEE Std. 7-4.3.2
HPCI-FR-256 | Division 4 shall initiate HPCI solation signal when 2004 GDC 55, GDC 56, IEEE Std.
isolate votes for RDHP input are received. 603/IEEE Std. 7-4.3.2
HPCI-FR-257 | Each division shall provide annunciation for HPCI IEEE Std. 603/IEEE Std. 7-4.3.2
TURBINE EXHAUST DIAPHRAGM RUPTURED via the HMI
when 1002 annunciate votes for RDHP input is received.
HPCI-FR-258 | Each division shall provide a means to manually initiate Reg Guide 1.62
an isolation signal from the control room.
HPCI-FR-259 | Each division shall include an interlock which prohibits Original design feature
manual isolation of the HPCI turbine unless a HPCI
turbine pump start signal (automatic or manual) is
present.
HPCI-FR-260 | Division 2 HPCl isolation signal shall provide outputs to GDC 56
close the following outboard valves:
e E41-FO41
e E41-FO42
e E41-FO03
e E41-F100
HPCI-FR-261 | Division 2 HPCl isolation signal shall provide outputs to GDC 56
trip the HPCI turbine.
HPCI-FR-262 | Division 4 HPCl isolation signal shall provide an outputto | GDC 56
close the following inboard valve:
e E41-FO02
¢ Trip the HPCI turbine.
HPCI-FR-263 | Division 4 HPCl isolation signal shall provide an outputto | GDC 56
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ID #

PPS/HPCI Requirement

PPS/HPCI Source / Basis

Notes / Clarification

HPCI-FR-264

In addition to the isolation signal, Division 2 shall provide
a duplicate signal to close the following outboard valves
when 2004 isolate votes for SLP input are received:

¢ E41-F041

e E41-FO42

e E41-F100

GDC 55, GDC 56, IEEE Std.
603/IEEE Std. 7-4.3.2

HPCI-FR-265

Division 2 shall provide interlocks that prohibit valves
E41-FO41 and E41-FO42 from automatically opening if an
isolation signal is present.

Original design feature

HPCI-FR-266

Division 2 shall provide interlocks that prohibit valves
E41-FO41 and E41-FO42 from automatically opening if an
SLP initiated signal is present.

Original design feature

HPCI-FR-267

Division 2 shall provide interlocks that prohibit valves
E41-FO41 and E41-FO42 from being manually opened if an
isolation signal is present.

Original design feature

HPCI-FR-268

Division 2 shall provide interlocks that prohibit valves
E41-F041 and E41-FO42 from being manually opened if an
SLP initiated signal is present.

Original design feature

HPCI-FR-269

Division 2 shall provide a means to manually introduce a
momentary signal to open or close valve E41-F041 or
terminate valve motion midstream from the control
room.

Original design feature

HPCI-FR-270

Division 2 shall provide valve E41-F041 position indication
via the HMI based on contact inputs from the associated
valve limit switches.

IEEE Std. 603/IEEE Std. 7-4.3.2

HPCI-FR-271

Division 2 shall provide a means to manually introduce a
momentary signal to open or close valve E41-F042 or
terminate valve motion midstream from the control
room.

Original design feature
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HPCI-FR-272 | Division 2 shall provide valve E41-F042 position indication | Reg Guide 1.97, IEEE Std.
via the HMI based on contact inputs from the associated 603/IEEE Std. 7-4.3.2
valve limit switches.

HPCI-FR-273 | Division 2 shall provide a means to manually introduce a Original design feature
momentary signal to open or close valve E41-F100 or
terminate valve motion midstream from the control
room.

HPCI-FR-274 | Division 2 shall provide an interlock to prevent valve E41- | Original design feature
F100 from being manually opened if an isolation signal is
present.

HPCI-FR-275 | Division 2 shall provide an interlock to prevent valve E41- | Original design feature
F100 from being manually opened if an SLP initiated
signal is present.

HPCI-FR-276 | Division 2 shall provide valve E41-F100 position indication | Reg Guide 1.97, IEEE Std.
via the HMI based on contact inputs from the associated 603/IEEE Std. 7-4.3.2
valve limit switches.

HPCI-FR-277 | Division 2 shall provide annunciation for HPCl WARMUP IEEE Std. 603/IEEE Std. 7-4.3.2
LINE ISOLATION VALVE OPEN via the HMI when 1loo1
annunciate votes for Cl14 input is received.

HPCI-FR-278 | Division 4 shall provide a means to manually open or Original design feature
close valve E41-F002, under administrative control, from
the control room.

HPCI-FR-279 | Division 4 shall provide valve E41-F002 position indication | Reg Guide 1.97, IEEE Std.
via the HMI based on contact inputs from the associated 603/IEEE Std. 7-4.3.2
valve limit switches.

HPCI-FR-280 | Division 4 shall provide an interlock to prevent valve E41- | Original design feature
FO02 from being manually opened if an isolation signal is
present.

HPCI-FR-281 | Division 4 shall provide alarm capability via the HMI when | Reg Guide 1.47

valve E41-F002 is manually closed.
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HPCI-FR-282 | Division 4 shall provide alarm capability via the HMI when | Reg Guide 1.47
lool annunciate votes for CI12 input is received.
HPCI-FR-283 | Division 4 shall provide annunciation for HPCI OUT OF Reg Guide 1.47 (BISI), IEEE Std.
SERVICE via the HMI when valve E41-F002 is manually 603/IEEE Std. 7-4.3.2
closed.
HPCI-FR-284 | Division 2 shall provide a means to manually open or Original design feature
close valve E41-F003, under administrative control, from
the control room.
HPCI-FR-285 | Division 2 shall provide valve E41-FO03 position indication | Reg Guide 1.97, IEEE Std.
via the HMI based on contact inputs from the associated 603/IEEE Std. 7-4.3.2
valve limit switches.
HPCI-FR-286 | Division 2 shall provide an interlock to prevent valve E41- | Original design feature
FOO3 from being manually opened if an isolation signal is
present.
HPCI-FR-287 | Division 2 shall provide alarm capability via the HMI when | Reg Guide 1.47
valve E41-F003 is manually closed.
HPCI-FR-288 | Division 2 shall provide alarm capability via the HMI when | Original design feature
lool annunciate votes for CI13 is received.
HPCI-FR-289 | Division 2 shall provide annunciation for HPCI OUT OF Reg Guide 1.47 (BISI), IEEE Std.
SERVICE via the HMI when valve E41-F003 is manually 603/IEEE Std. 7-4.3.2
closed.
HPCI-FR-290 | Division 2 shall provide an output to close valve E41-F093 | Original design feature
when 2004 start votes for DHP input and 2004 isolate
votes for SLP input are received.
HPCI-FR-291 | Division 2 shall provide a means to manually introduce a Original design feature

momentary signal to open or close valve E41-F093 or
terminate valve motion midstream from the control
room.
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PPS/HPCI Source / Basis
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HPCI-FR-292

Division 2 shall provide an interlock to prevent valve E41-
FO93 from being manually opened when 2004 start votes
for DHP input and 2004 isolate votes for SLP input are
received.

Original design feature

HPCI-FR-293

Division 2 shall provide valve E41-F093 position indication
via the HMI based on contact inputs from the associated
valve limit switches.

Reg Guide 1.97, IEEE Std.
603/IEEE Std. 7-4.3.2

HPCI-FR-294

Division 4 shall provide an output to close valve E41-F095
when 2004 start votes for DHP input and 2004 isolate
votes for SLP input are received.

Original design feature

HPCI-FR-295

Division 4 shall provide a means to manually introduce a
momentary signal to open or close valve E41-F095 or
terminate valve motion midstream from the control
room.

Original design feature

HPCI-FR-296

Division 4 shall provide valve E41-F095 position indication
via the HMI based on contact inputs from the associated
valve limit switches.

Reg Guide 1.97, IEEE Std.
603/IEEE Std. 7-4.3.2

HPCI-FR-297

Division 4 shall provide an interlock to prevent valve E41-
FO95 from being manually opened when 2004 start votes
for DHP input and 2004 isolate votes for SLP input are
received.

Original design feature

HPCI-FR-298

Division 2 shall provide annunciation for HPCI VACUUM
BREAKER ISOLATION VALVES NOT FULLY OPEN via the
HMI when 1oo1 annunciate votes for CI33 input is
received.

IEEE Std. 603/IEEE Std. 7-4.3.2

HPCI-FR-299

Division 4 shall provide annunciation for HPCI VACUUM
BREAKER ISOLATION VALVES NOT FULLY OPEN via the
HMI when 1001 annunciate votes for CI34 input is
received.

IEEE Std. 603/IEEE Std. 7-4.3.2

HPCI-FR-300

Division 2 shall provide a signal to open valve E41-F054
when 1lool open votes for CI15 input is received.

Original design feature
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HPCI-FR-301 | Division 2 shall provide annunciation for HPCI TURBINE IEEE Std. 603/IEEE Std. 7-4.3.2
INLET DRAIN POT HI LEVEL via the HMI when 1oo1l
annunciate votes for CI15 input is received.

HPCI-FR-302 | Division 2 shall provide a means to manually open or Original design feature
close valve E41-F054 from the control room.

HPCI-FR-303 | Division 2 shall provide valve E41-F054 position indication | IEEE Std. 603/IEEE Std. 7-4.3.2
via the HMI based on contact inputs from the associated
valve limit switches.

HPCI-FR-304 | Division 2 shall provide a means to manually open or Original design feature
close valve E41-F072, under administrative control, from
the control room.

HPCI-FR-305 | Division 2 shall provide valve E41-FO72 position indication | Reg Guide 1.97, IEEE Std.
via the HMI based on contact inputs from the associated 603/IEEE Std. 7-4.3.2
valve limit switches.

HPCI-FR-306 | Division 2 shall provide alarm capability via the HMI when | IEEE Std. 603/IEEE Std. 7-4.3.2
valve E41-F072 is manually closed.

HPCI-FR-307 | Division 2 shall provide alarm capability via the HMI when | IEEE Std. 603/IEEE Std. 7-4.3.2
loo1l annunciate votes for CI19 input is received.

HPCI-FR-308 | Division 2 shall provide annunciation for HPCI OUT OF Reg Guide 1.47 (BISI), IEEE Std.
SERVICE via the HMI when valve E41-F072 is manually 603/IEEE Std. 7-4.3.2
closed.

HPCI-FR-309 | Division 2 shall provide annunciation for HPCI OUT OF Reg Guide 1.47 (BISI), IEEE Std.
SERVICE via the HMI when 1oo1 annunciate votes for 603/IEEE Std. 7-4.3.2
Cl17 input is received.

HPCI-FR-310 | Division 2 shall provide annunciation for HPCI OUT OF Reg Guide 1.47 (BISI), IEEE Std.
SERVICE via the HMI when 1oo1 annunciate votes for 603/IEEE Std. 7-4.3.2
Cl18 input is received.

HPCI-FR-311 | Division 2 shall provide annunciation for HPCI OUT OF Reg Guide 1.47 (BISI), IEEE Std.

SERVICE via the HMI when 1oo1 annunciate votes for
CI35 inputs is received.

603/IEEE Std. 7-4.3.2
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ID # PPS/HPCI Requirement PPS/HPCI Source / Basis Notes / Clarification

HPCI-FR-312 | Division 4 shall provide annunciation for HPCI OUT OF Reg Guide 1.47 (BISI), IEEE Std.
SERVICE via the HMI when 1oo1 annunciate votes for 603/IEEE Std. 7-4.3.2
Cl16 input is received.

HPCI-FR-313 | Division 4 shall provide annunciation for HPCI OUT OF Reg Guide 1.47 (BISI), IEEE Std.
SERVICE via the HMI when 1oo1 annunciate votes for 603/IEEE Std. 7-4.3.2
CI36 input is received.

HPCI-FR-314 | Each division shall provide a means to manually provide Reg Guide 1.47 (BISI), IEEE Std.
annunciation for HPCI OUT OF SERVICE and alarm 603/IEEE Std. 7-4.3.2
capability via the HMI.

HPCI-FR-315 | Division 2 shall provide MOV Overload / Power Loss alarm | IEEE Std. 603/IEEE Std. 7-4.3.2
capability via the HMI when 1001 annunciate votes for
CI35 input is received.

HPCI-FR-316 | Division 2 shall provide MOV Overload / Power Loss alarm | IEEE Std. 603/IEEE Std. 7-4.3.2
capability via the HMI when 1001 annunciate votes for
ClI36 input is received.

HPCI-FR-317 | Division 2 shall provide turbine governor valve position IEEE Std. 603/IEEE Std. 7-4.3.2
indication via the HMI based on contact inputs from the
associated valve limit switches.

HPCI-FR-318 | Division 2 shall provide turbine stop valve position IEEE Std. 603/IEEE Std. 7-4.3.2
indication via the HMI based on contact inputs from the
associated valve limit switches.

HPCI-FR-319 | Each division shall provide the means to manually test Original design feature
the logic system for loss of power.

HPCI-FR-320 | Each division shall provide annunciation and alarm Project design approach
capability via the HMI for any logic anomaly or loss of
power condition.

HPCI-FR-321 | Each division shall provide the means to perform GDC 37, Reg Guide 1.22, IEEE
functional tests during normal plant operation. Std. 603/IEEE Std. 7-4.3.2

HPCI-FR-322 | Each division shall be capable of automatically returning Original design feature

to a coolant injection mode from a test mode when an
automatic initiation condition occurs.
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ID #

PPS/HPCI Requirement

PPS/HPCI Source / Basis

Notes / Clarification

HPCI-FR-323

Each channel and each division shall provide sufficient
features and documented evaluations to support
elimination of most Technical Specification Surveillance
Tests, and minimize the requirements for manual
calibration checks.

Project design approach

HPCI-FR-324

For all PPS inputs that have the potential to require
manual test insertion or external measurement of input
or output values (i.e., use of an external digital multi
meter by a technician), test jacks are provided in the
cabinets.

Project design approach

HPCI-FR-325

For all inputs that have the potential to require manual

multi-point calibration checks with external calibration

equipment, knife edge disconnects along with test jacks
are incorporated in the field termination panels.

Project design approach

HPCI-FR-326

For the analog output, knife edge disconnects along with
test jacks are incorporated in the field termination
panels.

Project design approach
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ID #

Requirement

New Source / Basis

ADS-DR-1

Structures, systems, and components important to safety shall be designed,
fabricated, erected, and tested to quality standards commensurate with the
importance of the safety functions to be performed. Where generally
recognized codes and standards are used, they shall be identified and
evaluated to determine their applicability, adequacy, and sufficiency and shall
be supplemented or modified as necessary to assure a quality product in
keeping with the required safety function. A quality assurance program shall
be established and implemented in order to provide adequate assurance that
these structures, systems, and components will satisfactorily perform their
safety functions. Appropriate records of the design, fabrication, erection, and
testing of structures, systems, and components important to safety shall be
maintained by or under the control of the nuclear power unit licensee
throughout the life of the unit.

GDC 1 - Quality standards and records

ADS-DR-2

Structures, systems, and components important to safety shall be designed to
withstand the effect of natural phenomena such as earthquakes, tornadoes,
hurricanes, floods, tsunami, and seiches without loss of capability to perform
their safety functions.

GDC 2 - Design Bases for Protection Against Natural
Phenomena

ADS-DR-3

Structures, systems, and components important to safety shall be designed
and located to minimize, consistent with other safety requirements, the
probability and effect of fires and explosions.

GDC 3 - Fire protection

ADS-DR-4

Structures, systems, and components important to safety shall be designed to
accommodate the effects of and to be compatible with the environmental
conditions associated with normal operation, maintenance, testing, and
postulated accidents, including loss-of-coolant accidents (LOCAs).

GDC 4 - Environmental and dynamic effects design
bases

ADS-DR-5

The reactor core and associated coolant, control, and protection systems shall
be designed with appropriate margin to assure that specified acceptable fuel
design limits are not exceeded during any condition of normal operation,
including the effects of anticipated operational occurrences.

GDC 10 - Reactor design
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ID #

Requirement

New Source / Basis

ADS-DR-6

Instrumentation shall be provided to monitor variables and systems over their
anticipated ranges for normal operation, for anticipated operational
occurrences, and for accident conditions as appropriate to assure adequate
safety, including those variables and systems that can affect the fission
process, the integrity of the reactor core, the reactor coolant pressure
boundary, and the containment and its associated systems. Appropriate
controls shall be provided to maintain these variables and systems within
prescribed operating ranges.

GDC 13 - Instrumentation and control

ADS-DR-7

A control room shall be provided from which actions can be taken to operate
the nuclear power unit safely under normal conditions and to maintain itin a
safe condition under accident conditions, including loss-of-coolant accidents.
Adequate radiation protection shall be provided to permit access and
occupancy of the control room under accident conditions without personnel
receiving radiation exposures in excess of 5 rem whole body, or its equivalent
to any part of the body, for the duration of the accident. Equipment at
appropriate locations outside the control room shall be provided (1) with a
design capability for prompt hot shutdown of the reactor, including necessary
I&C to maintain the unit in a safe condition during hot shutdown, and (2) with
a potential capability for subsequent cold shutdown of the reactor through
the use of suitable procedures.

GDC 19 - Control Room

ADS-DR-8

The protection system shall be designed (1) to initiate automatically the
operation of appropriate systems including the reactivity control systems, to
assure that specified acceptable fuel design limits are not exceeded as a result
of anticipated operational occurrences and (2) to sense accident conditions
and to initiate the operation of systems and components important to safety.

GDC 20 - Protection system functions
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ID # Requirement New Source / Basis

ADS-DR-9 | The protection system shall be designed for high functional reliability and GDC 21 - Protection system reliability and testability
inservice testability commensurate with the safety functions to be performed.
Redundancy and independence designed into the protection system shall be
sufficient to assure that (1) no single failure results in loss of the protection
function and (2) removal from service of any component or channel does not
result in loss of the required minimum redundancy unless the acceptable
reliability of operation of the protection system can be otherwise
demonstrated. The protection system shall be designed to permit periodic
testing of its functioning when the reactor is in operation, including a
capability to test channels independently to determine failures and losses of
redundancy that may have occurred.

ADS-DR-10 | The protection system shall be designed to assure that the effects of natural GDC 22- Protection system independence
phenomena, and of normal operating, maintenance, testing, and postulated
accident conditions on redundant channels do not result in loss of the
protection function, or shall be demonstrated to be acceptable on some other
defined basis. Design techniques, such as functional diversity or diversity in
component design and principles of operation, shall be used to the extent
practical to prevent loss of the protection function.

ADS-DR-11 | The protection system shall be designed to fail into a safe state or into a state | GDC 23 - Protection system failure modes
demonstrated to be acceptable on some other defined basis if conditions such
as disconnection of the system, loss of energy (e.g., electric power,
instrument air), or postulated adverse environments (e.g., extreme heat or
cold, fire, pressure, steam, water, and radiation) are experienced.

ADS-DR-12 | The protection system shall be separated from control systems to the extent GDC 24 - Separation of protection and control
that failure of any single control system component or channel, or failure or systems

removal from service of any single protection system component or channel
which is common to the control and protection systems leaves intact a system
satisfying all reliability, redundancy, and independence requirements of the
protection system. Interconnection of the protection and control systems
shall be limited so as to assure that safety is not significantly impaired.
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ID #

Requirement

New Source / Basis

ADS-DR-13

The protection and reactivity control systems shall be designed to assure an
extremely high probability of accomplishing their safety functions in the event
of anticipated operational occurrences.

GDC 29 - Protection against anticipated operational
occurrences

ADS-DR-14

A system to provide abundant emergency core cooling shall be provided. The
system safety function shall be to transfer heat from the reactor core
following any loss of reactor coolant at a rate such that (1) fuel and clad
damage that could interfere with continued effective core cooling is
prevented and (2) clad metal-water reaction is limited to negligible amounts.

GDC 35 - Emergency Core Cooling

ADS-DR-15

The emergency core cooling system shall be designed to permit appropriate
periodic pressure and functional testing to assure (1) the structural and leak
tight integrity of its components, (2) the operability and performance of the
active components of the system, and (3) the operability of the system as a
whole and, under conditions as close to design as practical, the performance
of the full operational sequence that brings the system into operation,
including operation of applicable portions of the protection system, the
transfer between normal and emergency power sources, and the operation of
the associated cooling water system.

GDC 37 - Testing of Emergency Core Cooling System

ADS-DR-16

The protection system shall be designed to permit periodic testing of its
initiation functions inclusive of the actuation devices and actuated equipment
when the reactor is in operation.

Regulatory Guide 1.22 - Periodic Testing of
Protection System Actuation Functions (Safety
Guide 22)

ADS-DR-17

Those structures, systems, and components (SSC) that should be designed to
remain functional if the Safe Shutdown Earthquake (SSE) occurs shall be
designated as Seismic Category |. (This includes Systems or portions of
systems that are required for reactor shutdown; all electric and mechanical
devices and circuitry between the process and the input terminals of the
actuator systems involved in generating signals that initiate protective action;
systems or portions of systems that are required for (1) monitoring of systems
important to safety and (2) actuation of systems important to safety.)

Regulatory Guide 1.29 - Seismic Design
Classification
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of design under the most adverse design conditions.

ID # Requirement New Source / Basis

ADS-DR-18 | The ADS shall comply with the requirements of Appendix B to 10 CFR Part 50 Regulatory Guide 1.30 - Quality Assurance
for the installation, inspection, and testing of nuclear power plant Requirements for the Installation, Inspection, and
instrumentation and electric equipment. Testing of Instrumentation and Electric Equipment

(Safety Guide 30)

ADS-DR-19 | The ADS shall meet the requirements for design, operation, and testing of Regulatory Guide 1.32 - Criteria for Power Systems
safety-related power systems within nuclear power plants as defined within for Nuclear Power Plants
IEEE Std. 308.

ADS-DR-20 | The ADS shall meet the requirements for indicating the bypass or inoperable Regulatory Guide 1.47 - Bypassed and Inoperable
status of portions of the protection system, systems actuated or controlled by | Status Indication for Nuclear Power Plant Safety
the protection system, and auxiliary or supporting systems that must be Systems
operable for the protection system and the system it actuates to perform
their safety-related functions:

ADS-DR-21 | The ADS shall comply with the IEEE Std. 279 requirement that any single Regulatory Guide 1.53 - Application of the Single-
failure within the protection system shall not prevent proper protective action | Failure Criterion to Safety Systems
at the system level when required, by utilizing the guidance in IEEE
Std. 379-1972 for applying the single-failure criterion to the design and
analysis of nuclear power plant protection systems.

ADS-DR-22 | The ADS shall provide a means for manual initiation of protective actions. Regulatory Guide 1.62 - Manual Initiation of

Protective Actions

ADS-DR-23 | The ADS shall meet the requirements for physical independence of the Regulatory Guide 1.75 - Physical Independence of
circuits and electric equipment comprising or associated with the Class 1E Electric Systems
power system, the protection system, systems actuated or controlled by the
protection system, and auxiliary or supporting systems that must be operable
for the protection system and the systems it actuates to perform their safety
related functions.

ADS-DR-24 | The ADS shall comply with design verification requirements to verify adequacy | Regulatory Guide 1.89 - Environmental Qualification

of Certain Electric Equipment Important to Safety
for Nuclear Power Plants
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ID # Requirement New Source / Basis
ADS-DR-25 | The ADS shall comply with the requirement to: Regulatory Guide 1.97 - Criteria for Accident
Monitoring Instrumentation for Nuclear Power

(1) provide information required to permit the operator to take preplanned Plants
manual actions to accomplish safe plant shutdown;
(2) determine whether the reactor trip, engineered safety feature systems,
and manually initiated safety systems and other systems important to safety
are performing their intended functions (i.e., reactivity control, core cooling,
maintaining reactor coolant system integrity, and maintaining containment
integrity);
(3) provide information to the operators that will enable them to determine
the potential for causing a gross breach of the" barriers to radioactivity
release (i.e., fuel cladding, reactor coolant pressure boundary, and
containment) and to determine if a gross breach of a barrier has occurred.

ADS-DR-26 | The ADS shall comply with design verification requirements to verify the Regulatory Guide 1.100 - Seismic Qualification of
seismic adequacy of electric equipment. Electric and Mechanical Equipment for Nuclear

Power Plants

ADS-DR-27 | The ADS shall design shall implement setpoints that assure sufficient margin Regulatory Guide 1.105 - Instrument Setpoint
between Technical Specification limits and the trip setpoint to account for
instrument inaccuracy, calibration uncertainties and instrument drift.
Consideration of instrument span and range as well as environmental
influences must be included.

ADS-DR-28 | The ADS shall comply with the requirements for periodic testing of electric Regulatory Guide 1.118 - Periodic Testing of Electric
power and protection systems. Power and Protection Systems

ADS-DR-29 | The ADS shall, with precision and reliability, actuate Main Steam Relief Valves | IEEE Std. 603, Section 5.0 Safety System Criteria and

(SRVs) to depressurize the reactor pressure vessel so that injection flow to the
vessel can occur in adequate time to cool the core and limit excessive fuel
temperatures.

6.1 Automatic Control
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ID # Requirement New Source / Basis

ADS-DR-30 | The ADS shall initiate when the monitored plant parameter exceeds the IEEE Std. 603, Section 6.1 Automatic Control

following trip setpoint:

Reactor Vessel Water Level 1 <-129 inches

Drywell Pressure > 1.68 psig

Core Spray Pump Discharge Pressure = 145 psig
RHR LPCI Mode Pump Discharge Pressure > 125psig
Reactor Vessel Water Level-3 < 12.5 inches

ADS-DR-31 | The ADS shall be capable of actuating SRVs under all required modes of IEEE Std. 603, Section 4.1
reactor operation.

ADS-DR-32 | The ADS shall ensure that the protective action, once started, continues to IEEE Std. 603, Section 5.2 Completion of Protective
completion. Action

ADS-DR-33 | Any single failure within the ADS shall not prevent proper protective action at | IEEE Std. 603, Section 5.1 Single Failure Criterion
the system level when required. and IEEE Std. 7-4.3.2 Section 5.1 Single Failure

Criterion

ADS-DR-34 | Components and modules shall be of a quality that is consistent with IEEE Std. 603 section 5.3 Quality and IEEE Std. 7-
minimum maintenance requirements and low failure rates. Quality levels 4.3.2 section 5.3 Quality
shall be achieved through the specification of requirements known to
promote high quality, such as requirements for design, for the derating of
components, for manufacturing, quality control, inspection, calibration, and
test.

ADS-DR-35 | Type test data or reasonable engineering extrapolation based on test data IEEE Std. 603 section 5.4 Equipment Qualification
shall be available to verify that protection system equipment shall meet, ona | and IEEE Std. 7-4.3.2 section 5.4 Equipment
continuing basis, the performance requirements determined to be necessary | Qualification
for achieving the system requirements.

ADS-DR-36 | All protection system channels shall be designed to maintain necessary IEEE Std. 603 section 5.5 System Integrity and IEEE

functional capability under extremes of conditions (as applicable) relating to
environment, energy supply, malfunctions and accidents.

Std. 7-4.3.2 and section 5.5 Independence
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ADS-DR-37 | Channels that provide signals for the same protective function shall be IEEE Std. 603 section 5.6 Independence and IEEE
independent and physically separated to accomplish decoupling of the effects | Std. 7-4.3.2 and section 5.6 System Integrity
of unsafe environmental factors, electric transients, and physical accident
consequences documented in the design basis, and to reduce the likelihood of
interactions between channels during maintenance operations or in the event
of channel malfunction.

ADS-DR-38 | Any equipment that is used for both protective and control functions shall be | IEEE Std. 603 section 5.6 Independence and IEEE
classified as part of the protection system and shall meet all the applicable Std. 7-4.3.2 and section 5.6 Independence
requirements.

ADS-DR-39 | The transmission of signals from protection system equipment for control IEEE Std. 603 section 5.6 Independence and IEEE
system use shall be through isolation devices which shall be classified as part | Std. 7-4.3.2 and section 5.6 Independence
of the protection system and shall meet all the applicable requirements. No
credible failure at the output of an isolation device shall prevent the
associated protection system channel from meeting the minimum
performance requirements specified.

ADS-DR-40 | Where a single random failure can cause a control system action that results IEEE Std. 603 section 6.3 Interaction Between the
in a generating station condition requiring protective action and can also Sense and Command Features and Other Systems
prevent proper action of a protection system channel designed to protect
against the condition, the remaining redundant protection channels shall be
capable of providing the protective action even when degraded by a second
random failure.

ADS-DR-41 | Provisions shall be included so that the protective action can still be met if a IEEE Std. 603 section 6.3 Interaction Between the

channel is bypassed or removed from service for test or maintenance
purposes. Acceptable provisions include reducing the required coincidence,
defeating the control signals taken from the redundant channels, or initiating
a protective action from the bypassed channel.

Sense and Command Features and Other Systems
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function are part of the protection system and shall be designed in
accordance with these criteria.

ID # Requirement New Source / Basis

ADS-DR-42 | Where a credible single event can cause a control system action that results in | IEEE Std. 603 section 6.3 Interaction Between the
a condition requiring protective action and can concurrently prevent the Sense and Command Features and Other Systems
protective action from those protection system channels designated to
provide principal protection against the condition, then alternate channels
not subject to failure resulting from the same single event shall be provided to
limit the consequences of this event to a value specified by the design bases.

ADS-DR-43 | To the extent feasible and practical, protection system inputs shall be derived | IEEE Std. 603 section 6.4 Derivation of System
from signals that are direct measures of the desired variables. Inputs

ADS-DR-44 | Means shall be provided for checking, with a high degree of confidence, the IEEE Std. 603 section 6.5 Capability for Testing and
operational availability of each system input sensor during reactor operation. | Calibration

ADS-DR-45 | Capability shall be provided for testing and calibrating channels and the IEEE Std. 603 section 6.5 Capability for Testing and
devices used to derive the final system output signal from the various channel | Calibration
signals.

ADS-DR-46 | For those parts of the system where the required interval between testing will | IEEE Std. 603 section 6.5 Capability for Testing and
be less than the normal time interval between generating station shutdowns, | Calibration
there shall be capability for testing during power operation.

ADS-DR-47 | The system shall be designed to permit any one channel to be maintained, IEEE Std. 603 sections 6.7 Maintenance Bypass and
and when required, tested or calibrated during power operation without 7.5 Maintenance Bypass
initiating a protective action at the systems level.

ADS-DR-48 | During such operation, the active parts of the system shall of themselves IEEE Std. 603 sections 6.7 Maintenance Bypass and
continue to meet the single failure criterion. 7.5 Maintenance Bypass

ADS-DR-49 | Where operating requirements necessitate automatic or manual bypass of a IEEE Std. 603 sections 6.6 Operating Bypasses and
protective function, the design shall be such that the bypass will be removed 7.4 Operating Bypasses
automatically whenever permissive conditions are not met.

ADS-DR-50 | Devices used to achieve automatic removal of the bypass of a protective IEEE Std. 603 sections 6.6 Operating Bypasses and

7.4 Operating Bypasses
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ADS-DR-51 | If the protective action of some part of the system has been bypassed or IEEE Std. 603 section 5.8 Information Displays and
deliberately rendered inoperative for any purpose, this fact shall be IEEE Std. 7-4.3.2 section 5.8 Information Displays
continuously indicated in the control room.
ADS-DR-52 | The design shall permit the administrative control of the means for manually IEEE Std. 603 section 5.9 Control of Access and IEEE
bypassing channels or protective functions. Std. 7-4.3.2 section 5.9 Control of Access
ADS-DR-53 | Where it is necessary to change to a more restrictive set point to provide IEEE Std. 603 section 6.8 Setpoints
adequate protection for a particular mode of operation or set of operating
conditions, the design shall provide positive means of assuring that the more
restrictive set point is used.
ADS-DR-54 | The devices used to prevent improper use of less restrictive set points shall be | IEEE Std. 603 section 6.8 Setpoints
considered a part of the protection system and shall be designed in
accordance with the other provisions of these criteria regarding performance
and reliability.
ADS-DR-55 | The protection system shall be so designed that, once initiated, a protective IEEE Std. 603 sections 5.2 Completion of Protective
action at the system level shall go to completion. Action and 7.3 Completion of Protective Action
ADS-DR-56 | Return to operation shall require subsequent deliberate operator action. IEEE Std. 603 sections 5.2 Completion of Protective
Action and 7.3 Completion of Protective Action
ADS-DR-57 | The protection system shall include means for manual initiation of each IEEE Std. 603 sections 6.2 Manual Control and 7.2
protective action at the system level (for example, reactor trip, containment Manual Control
isolation, safety injection, core spray, etc).
ADS-DR-58 | No single failure within the manual, automatic, or common portions of the IEEE Std. 603 section 7.2 Manual Control
protection system shall prevent initiation of protective action by manual or
automatic means.
ADS-DR-59 | Manual initiation should depend upon the operation of a minimum of IEEE Std. 603 sections 6.2 Manual Control and 7.2
equipment. Manual Control
ADS-DR-60 | The design shall permit the administrative control of access to all set point IEEE Std. 603 section 5.9 Control of Access and IEEE

adjustments, module calibration adjustments, and test points.

Std. 7-4.3.2 section 5.9 Control of Access
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systems to ensure that functional requirements under the conditions
produced by design basis events are met.

ID # Requirement New Source / Basis
ADS-DR-61 | Protective actions shall be indicated and identified down to the channel level. | IEEE Std. 603 section 5.8 Information Displays and
IEEE Std. 7-4.3.2 section 5.8 Information Displays

ADS-DR-62 | The protection system shall be designed to provide the operator with IEEE Std. 603 section 5.8 Information Displays and
accurate, complete, and timely information pertinent to its own status and to | IEEE Std. 7-4.3.2 section 5.8 Information Displays
generating station safety.

ADS-DR-63 | The design shall minimize the development of conditions which would cause IEEE Std. 603 section 5.8 Information Displays and
meters, annunciators, recorders, alarms, etc, to give anomalous indications IEEE Std. 7-4.3.2 section 5.8 Information Displays
confusing to the operator.

ADS-DR-64 | The system shall be designed to facilitate the recognition, location, IEEE Std. 603 section 5.10 Repair
replacement, repair, or adjustment of malfunctioning components or
modules.

ADS-DR-65 | In order to provide assurance that the requirements given in this document IEEE Std. 603 section 5.11 Identification and IEEE
can be applied during the design, construction, maintenance, and operation Std. 7-4.3.2 section 5.11 Identification
of the plant, the protection system equipment (for example, interconnecting
wiring, components, modules, etc), shall be identified distinctively as being in
the protection system.

ADS-DR-66 | This identification shall distinguish between redundant portions of the IEEE Std. 603 section 5.11 Identification and IEEE
protection system. (In the installed equipment, components, or modules Std. 7-4.3.2 section 5.11 Identification
mounted in assemblies that are clearly identified as being in the protection
system do not themselves require identification.) All software, firmware, and
programmable logic shall be identified in accordance with IEEE Std. 7-4.3.2
Clause 5.11.

ADS-DR-67 | ADS shall conform to the design criteria and features for Class 1E electric IEEE Std. 308 - Standard Criteria for Class 1E Power

Systems for Nuclear Power Generating Stations
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ID # Requirement New Source / Basis
ADS-DR-68 | ADS shall conform to the methods for demonstrating the qualification of IEEE Std. 323 - Qualifying Class 1E Equipment for
Class 1E equipment including components or equipment of any interface Nuclear Power Generating Stations
whose failure could adversely affect the performance of Class 1E systems and
electronic equipment.
ADS-DR-69 | ADS shall conform to the design and operational criteria for the performance | IEEE Std. 338 - Criteria for the Periodic Testing of
of periodic testing of nuclear power generating station safety systems. Nuclear Power Generating Station Protection
Systems
ADS-DR-70 | ADS shall meet its Class 1E performance requirements during and following IEEE Std. 344 - Guide for Seismic Qualification of
one SSE (safe shutdown earthquake) preceeded by a number of OBEs Class 1 Electric Equipment for Nuclear Power
(operating basis earthquakes). Generating Stations
ADS-DR-71 | ADS shall meet the single failure criterion as described and classified in IEEE IEEE Std. 379 - Application of the Single-Failure
Std. 379. Criterion to Nuclear Power Generating Station
Safety Systems
ADS-DR-72 | ADS shall meet the criteria and requirements for establishing and maintaining | IEEE Std. 384 - Criteria for Independence of Class 1E

the independence of Class 1E equipment and circuits and auxiliary supporting
features by physical separation and electrical isolation.

Equipment and Circuits
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ID # PPS/ADS Requirement Revised PPS/ADS Source / Basis Notes / Clarification
ADS-FR-1 The PPS/ADS shall be capable of initiating a signal to GDC 13, GDC 20, GDC 35, IEEE
actuate Main Steam Relief Valves (SRVs) either Std. 603/IEEE Std. 7-4.3.2
automatically when monitored parameters exceed a pre-
established value, or by manual initiation.
ADS-FR-2 The PPS/ADS shall be comprised of two independent and GDC 22, GDC 24, Reg Guide
separate divisions (Division 1 and Division 3) 1.53, IEEE Std. 603/IEEE Std. 7-
4.3.2
ADS-FR-3 PPS/ADS shall have four (4) independent channels: GDC 22, GDC 24, Reg Guide The four channels are common to both divisions.
(Channel A, Channel B, Channel C, and Channel D) that each | 1.53, IEEE Std. 603/IEEE Std. 7-
provide votes/signals to each of the divisions. 4.3.2
ADS-FR-4 Each channel shall receive an input from each of the GDC 13, GDC 20, GDC 35, IEEE
following monitored parameters that are provided as 279
common inputs to the PPS platform and are shared by each
of the PPS functions:
* Reactor Vessel Low Water Level (Level 1) (RWL 1)
¢ Drywell High Pressure (DHP)
* Reactor Vessel Low Water Level (Level 3) (RWL 3)
ADS-FR-5 Each channel shall receive a 4-20 mA input from each of the | GDC 20, GDC 35, IEEE Std.

following monitored parameters:

¢ RHR Pump A Discharge Pressure (RDPA)
e Core Spray Pump A Discharge Pressure (CSDPA)
* RHR Pump B Discharge Pressure (RDPB)
e Core Spray Pump B Discharge Pressure (CSDPB)
* RHR Pump C Discharge Pressure (RDPC)
e Core Spray Pump C Discharge Pressure (CSDPC)
¢ RHR Pump D Discharge Pressure (RDPD)
e Core Spray Pump D Discahrge Pressure (CSDPD)

603/IEEE Std. 7-4.3.2
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ID # PPS/ADS Requirement Revised PPS/ADS Source / Basis Notes / Clarification
ADS-FR-6 Each input to a channel (ma or contact input) shall be voted | Project design approach The term "shall be voted on" indicates that the
on by the channel based on the condition (condition met or channel performs a bi-stable comparison against
not met). a pre-determined configurable setpoint to
determine whether the input is at or
above/below the setpont value.
ADS-FR-7 Each channel shall provide the status of the vote (e.g. vote | Project design approach The terms “not function”, “function”,
to not function if condition not met; vote to function if “annunciate” describe different types of votes
condition met; vote to annunciate) to each of the divisions. that may be provided by a channel (Note -others
may be specified within the requirements). A
particular vendor solution may combine one or
more of the vote types into a single channel vote
based on the capabilities of the platform.
ADS-FR-8 Each division shall determine whether the votes to function | Project design approach
for each type of input satisfy the voting criteria (e.g. 2004)
ADS-FR-9 Each division shall execute a function when the voting Project design approach As an example, the RWL1 input to Channels A, B,
criteria is satisfied. C, and D shall be sent to a 2004 voter in each of
the divisions (Division 1 and Division 3). When at
least two of the four RWL1 inputs to the 2004
voter are satisfied, the associated division
generates an output. The generated output may
be dependent on additional voting to be
satisfied. Some outputs require different voting
schemes which are described within the
requirement.
ADS-FR-10 | Each input to a channel shall have an associated voter (e.g. | Project design approach
2004) within each division to ensure that trip inputs are
voted separately.
ADS-FR-11 | Each channel shall provide a vote to annunciate to each Project design approach

division when RWL3 exceeds setpoint low.

1129-0172-SPEC-001, Revision 2

Page 210 of 389




ADS FUNCTIONAL REQUIREMENTS

ID # PPS/ADS Requirement Revised PPS/ADS Source / Basis Notes / Clarification

ADS-FR-12 | Division 1 shall provide annunciation for REACTOR LEVEL 3 IEEE Std. 603/IEEE Std. 7-4.3.2
ADS PERMISSIVE via the HMI when 2004 annunciate votes
for RWL3 input are received.

ADS-FR-13 | Division 3 shall provide annunciation for REACTOR LEVEL 3 IEEE Std. 603/IEEE Std. 7-4.3.2
ADS PERMISSIVE via the HMI when 2004 annunciate votes
for RWL3 input are received.

ADS-FR-14 | Each channel shall initiate an ADS timer of 117 seconds GDC 13, GDC 19, GDC 20,
when RWL1 exceeds setpoint low and DHP exceeds GDC 35, Reg Guide 1.47, IEEE
setpoint high and RWL3 exceeds setpoint. Std. 603/IEEE Std. 7-4.3.2

ADS-FR-15 | Each channel shall provide a vote to annunciate to each Project design approach
division when the ADS timer starts.

ADS-FR-16 | Division 1 shall provide annunciation for ADS TIMER IEEE Std. 603/I1EEE Std. 7-4.3.2
INITIATED via the HMI when 2004 annunciate votes for ADS
timer initiated are received.

ADS-FR-17 | Division 1 shall provide a displayed ADS timer countdown Project design approach
via the HMI when 2004 annunciate votes for ADS timer
initiated are received.

ADS-FR-18 | Division 3 shall provide annunciation for ADS TIMER IEEE Std. 603/I1EEE Std. 7-4.3.2
INITIATED via the HMI when 2004 annunciate votes for ADS
timer initiated are received.

ADS-FR-19 | Division 3 shall provide a displayed ADS timer countdown Project design approach
via the HMI when 2004 annunciate votes for ADS timer
initiated are received.

ADS-FR-20 | Each channel shall reset the ADS 117 second timer and Original design feature
provide a vote to not annunciate if the RWL1 input drops
below setpoint before the timer times out.

ADS-FR-21 | Each channel shall seal in the DHP input when the setpoint | IEEE Std. 603/IEEE Std. 7-4.3.2,
is exceeded and shall provide a vote to annunciate to each project design approach
division.

ADS-FR-22 | Division 1 shall provide annunciation and an indicating light | IEEE Std. 603/IEEE Std. 7-4.3.2

via the HMI when the DHP input is sealed in.
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ID # PPS/ADS Requirement Revised PPS/ADS Source / Basis Notes / Clarification
ADS-FR-23 | Division 3 shall provide annunciation and an indicating light | IEEE Std. 603/IEEE Std. 7-4.3.2
via the HMI when the DHP input is sealed in.
ADS-FR-24 | Each channel shall provide a means for manually resetting GDC 13, Reg Guide 1.62 IEEE
the DHP seal in feature. Std. 603/IEEE Std. 7-4.3.2
ADS-FR-25 | Each channel shall initiate a 450 second timer when RWL1 NUREG 0737, IEEE 279
exceeds setpoint and shall provide a vote to annunciate to
each division.
ADS-FR-26 | Division 1 shall provide annunciation via the HMI when NUREG 0737, IEEE 279
2004 annunciate votes for ADS high drywell pressure
bypass timer initiated.
ADS-FR-27 | Division 3 shall provide annunciation via the HMI when NUREG 0737, IEEE 279
2004 annunciate votes for ADS high drywell pressure
bypass timer initiated.
ADS-FR-28 | Each channel shall bypass the DHP input when the 450 NUREG 0737, IEEE 279
second timer has expired.
ADS-FR-29 | Each channel shall reset the 450 second timer if the RWL1 NUREG 0737
input drops below setpoint before the timer times out and
shall provide a vote to not annunciate to each division.
ADS-FR-30 | Each channel shall seal in the RWL1 and DHP inputs when IEEE Std. 603/IEEE Std. 7-4.3.2
117 second timer has expired.
ADS-FR-31 | When the timer expires, Channel A shall provide a vote to Project design approach
initiate ADS to each division when CSDPA input exceeds
setpoint high or RDPA input exceeds setpoint high or RDPC
exceeds setpoint high.
ADS-FR-32 | When the timer expires, Channel B shall provide a vote to Project design approach

initiate ADS to each division when CSDPB input exceeds
setpoint high or RDPB input exceeds setpoint high or RDPD
exceeds setpoint high.
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ADS sealed in trip condition is satisfied.

ID # PPS/ADS Requirement Revised PPS/ADS Source / Basis Notes / Clarification

ADS-FR-33 | When the timer expires, Channel C shall provide a vote to Project design approach
initiate ADS to each division when CSDPC input exceeds
setpoint high or RDPA input exceeds setpoint high or RDPC
exceeds setpoint high.

ADS-FR-34 | When the timer expires, Channel D shall provide a vote to Project design approach
initiate ADS to each division when CSDPD input exceeds
setpoint high or RDPB input exceeds setpoint high or RDPB
exceeds setpoint high.

ADS-FR-35 | Channel A shall provide a condition vote to Division 1 when | Project design approach
RDPA exceeds setpoint.

ADS-FR-36 | Channel A shall provide a condition vote to Division 1 when | Project design approach
CSDPA exceeds setpoint.

ADS-FR-37 | Channel B shall provide a condition vote to Division 3 when | Project design approach
RDPB exceeds setpoint.

ADS-FR-38 | Channel B shall provide a condition vote to Division 3 when | Project design approach
CSDPB exceeds setpoint.

ADS-FR-39 | Channel C shall provide a condition vote to Division 1 when | Project design approach
RDPC exceeds setpoint.

ADS-FR-40 | Channel C shall provide a condition vote to Division 1 when | Project design approach
CSDPC exceeds setpoint.

ADS-FR-41 | Channel D shall provide a condition vote to Division 3 when | Project design approach
RDPD exceeds setpoint.

ADS-FR-42 | Channel D shall provide a condition vote to Division 3 when | Project design approach
CSDPD exceeds setpoint.

ADS-FR-43 | Division 1 shall initiate an ADS output signal when 2004 IEEE Std. 603/IEEE Std. 7-4.3.2
votes to initiate ADS are received.

ADS-FR-44 | The Division 1 ADS output signal shall energize the 125VDC | Original deign feature
"A" solenoid on each of five (5) SRVs.

ADS-FR-45 | Division 1 shall provide annunciation via the HMI when the | IEEE Std. 603/IEEE Std. 7-4.3.2
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ID # PPS/ADS Requirement Revised PPS/ADS Source / Basis Notes / Clarification

ADS-FR-46 | Division 1 shall provide indicating light capability via the IEEE Std. 603/IEEE Std. 7-4.3.2
HMI to indicate that the "A" solenoid for each of five (5)
SRVs is NOT energized.

ADS-FR-47 | Division 1 shall provide indicating light capability via the IEEE Std. 603/IEEE Std. 7-4.3.2
HMI to indicate that each of five (5) SRVs is in a closed
position when the ADS is NOT in a sealed in trip condition.

ADS-FR-48 | Division 3 shall initiate an ADS output signal when 2004 IEEE Std. 603/IEEE Std. 7-4.3.2
votes to initiate ADS are received.

ADS-FR-49 | The Division 3 ADS output signal shall energize the 125VDC | Original deign feature
"B" solenoid on each of five (5) SRVs.

ADS-FR-50 | Division 3 shall provide annunciation via the HMI when the | IEEE Std. 603/IEEE Std. 7-4.3.2
ADS sealed in trip condition is satisfied.

ADS-FR-51 | Division 3 shall provide indicating light capability via the IEEE Std. 603/IEEE Std. 7-4.3.2
HMI to indicate that the "B" solenoid for each of five (5)
SRVs is NOT energized.

ADS-FR-52 | Division 3 shall provide indicating light capability via the IEEE Std. 603/IEEE Std. 7-4.3.2
HMI to indicate that each of five (5) SRVs is in a closed
position when the ADS is NOT in a sealed in trip condition.

ADS-FR-53 | Each division shall include a manual ADS initiation feature IEEE Std. 603/I1EEE Std. 7-4.3.2
that requires two distinct actions (e.g. arming prior to
functioning) to be completed.

ADS-FR-54 | Each division shall provide annunciation via the HMI upon IEEE Std. 603/I1EEE Std. 7-4.3.2
completing the first distinct switch action.

ADS-FR-55 | Each division shall complete the manual ADS initiation by IEEE Std. 603/I1EEE Std. 7-4.3.2
performing the second distinct switch action.

ADS-FR-56 | Each division manual ADS initiation shall bypass all channel | IEEE Std. 603/IEEE Std. 7-4.3.2
timer functions.

ADS-FR-57 | Each division manual ADS initiation shall seal in. IEEE Std. 603/IEEE Std. 7-4.3.2

ADS-FR-58 | Each division shall provide annunciation via the HMI when IEEE Std. 603/I1EEE Std. 7-4.3.2

the ADS manual initiation is sealed in.
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ID # PPS/ADS Requirement Revised PPS/ADS Source / Basis Notes / Clarification
ADS-FR-59 | Division 1 shall initiate an ADS output signal when the ADS | GDC 13, GDC 35, Reg Guide
manual initiation is sealed in AND 1001 condition votes for | 1.47, Reg Guide 1.62, IEEE Std.
CSDPA input AND 1001 condition votes for CSDPC input are | 603/IEEE Std. 7-4.3.2
received.
ADS-FR-60 | Division 1 shall initiate an ADS output signal when the ADS | GDC 13, GDC 35, Reg Guide
manual initiation is sealed in AND 1001 condition votes for | 1.47, Reg Guide 1.62, IEEE Std.
RDPA input are received. 603/IEEE Std. 7-4.3.2
ADS-FR-61 | Division 1 shall initiate an ADS output signal when the ADS | GDC 13, GDC 35, Reg Guide
manual initiation is sealed in AND 1001 condition votes for | 1.47, Reg Guide 1.62, IEEE Std.
RDPC input are received. 603/IEEE Std. 7-4.3.2
ADS-FR-62 | The Division 1 manual ADS output signal shall energize the GDC 13, GDC 35, Reg Guide
125VDC "A" solenoid on each of five (5) SRVs. 1.47, Reg Guide 1.62, IEEE Std.
603/IEEE Std. 7-4.3.2
ADS-FR-63 | Division 3 shall initiate an ADS output signal when the ADS GDC 13, GDC 35, Reg Guide
manual initiation is sealed in AND 1001 condition votes for | 1.47, Reg Guide 1.62, IEEE Std.
CSDPB input AND 1001 condition votes for CSDPD input are | 603/IEEE Std. 7-4.3.2
received.
ADS-FR-64 | Division 3 shall initiate an ADS output signal when the ADS GDC 13, GDC 35, Reg Guide
manual initiation is sealed in AND 1001 condition votes for | 1.47, Reg Guide 1.62, IEEE Std.
RDPB input are received. 603/IEEE Std. 7-4.3.2
ADS-FR-65 | Division 3 shall initiate an ADS output signal when the ADS GDC 13, GDC 35, Reg Guide
manual initiation is sealed in AND 1001 condition votes for | 1.47, Reg Guide 1.62, IEEE Std.
RDPD input are received. 603/IEEE Std. 7-4.3.2
ADS-FR-66 | The Division 3 manual ADS output signal shall energize the GDC 13, GDC 35, Reg Guide
125VDC "B" solenoid on each of five (5) SRVs. 1.47, Reg Guide 1.62, IEEE Std.
603/IEEE Std. 7-4.3.2
ADS-FR-67 | Each division shall provide a manual inhibit feature to GDC 13, NUREG 0737, IEEE Std.
preclude the initiation of ADS actuation. 603/IEEE Std. 7-4.3.2
ADS-FR-68 | Each division shall provide annunciation via the HMI when IEEE Std. 603/IEEE Std. 7-4.3.2

the inhibit feature is in force.

1129-0172-SPEC-001, Revision 2

Page 215 of 389




ADS FUNCTIONAL REQUIREMENTS

ID # PPS/ADS Requirement Revised PPS/ADS Source / Basis Notes / Clarification

ADS-FR-69 | The inhibit feature shall not be capable of defeating the Original design feature
ADS actuation if initiation logic is sealed in.

ADS-FR-70 | Each division shall provide a manual reset feature that GDC 13, Reg Guide 1.62 IEEE
simultaneously resets the channels and voting logic, Std. 603/IEEE Std. 7-4.3.2
thereby removing the ADS output signal from the actuated
SRVs.

ADS-FR-71 | The reset of both divisions shall be required to enable the Original design feature
actuated SRVs to return to the normal (closed) position.

ADS-FR-72 | Division 3 shall include soft controls to support manually GDC 13, GDC 35, Reg Guide This switch exists at Panel 631 in the AER. This
overriding the automatic actuation function and 1.47, Reg Guide 1.62, IEEE Std. will be migrated to an HMI interface via soft
individually energize the solenoid "B" on each ADS SRV. 603/IEEE Std. 7-4.3.2 controls.

ADS-FR-73 | Division 1 shall include soft controls to support manually GDC 19, Reg Guide 1.62 and This switch is identified on drawing M-1-B21-
overriding the automatic actuation function and IEEE Std. 603/IEEE Std. 7-4.3.2 1060-E-004 but is not described in L-S-31.
individually energize the “A” solenoid on each ADS SRV.

ADS-FR-74 | Division 1 shall include soft controls to support manually GDC 19, Reg Guide 1.62 and
energizing the solenoid on each of nine (9) non-ADS SRVs. IEEE Std. 603/IEEE Std. 7-4.3.2

ADS-FR-75 | Each division shall provide the means to functionally test GDC 12, GDC 37, Reg Guide
during normal plant operation without initiating an 1.22, Reg Guide 1.105, Reg
inadvertent protective action. Guide 1.118, IEEE Std. 603/IEEE

Std. 7-4.3.2

ADS-FR-76 | An ADS initiation by either division shall result in the SRVs Original design feature
being actuated.

ADS-FR-77 | The PPS/ADS shall interface with a 125 VDC power source GDC 22
to support actuation of the SRVs.

ADS-FR-78 | Each division shall be capable of being powered by 125VDC | GDC 22
power.

ADS-FR-79 | Each division shall be clearly identified to reduce the IEEE Std. 603/IEEE Std. 7-4.3.2

possibility of personnel causing inadvertent trips or
undesired operating conditions.
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ID #

PPS/ADS Requirement Revised

PPS/ADS Source / Basis

Notes / Clarification

ADS-FR-80

All physical switches and soft controls shall provide both
electrical and physical separation between the divisions for
the PPS/ADS.

GDC 24, IEEE Std. 603/IEEE Std.

7-4.3.2

ADS-FR-81

Failure of a single channel (sensor and associated
equipment) shall not prevent normal protective action of
the safety system.

IEEE Std. 603/IEEE Std. 7-4.3.2

ADS-FR-82

Failure of a single system component shall neither prevent
normal protective action of the safety system nor result in
an inadvertent actuation.

IEEE Std. 603/IEEE Std. 7-4.3.2

ADS-FR-83

Redundant sensor circuits associated with each trip system
(sensors, wiring, transmitter, amplifier. etc.) shall be
electrically, mechanically, and physically independent so
that they are unlikely to be disabled by a common cause.

GDC 21, GDC 23, Reg Guide
1.53, IEEE Std. 603/IEEE Std. 7-
4.3.2

ADS-FR-84

Each channel and each division shall provide sufficient
features and documented evaluations to support
elimination of most Technical Specification Surveillance
Tests, and minimize the requirements for manual
calibration checks.

Project design approach

ADS-FR-85

For all PPS inputs that have the potential to require manual
test insertion or external measurement of input values (i.e.,
use of an external digital multi meter by a technician), test
jacks are provided in the cabinets.

Project design approach

ADS-FR-86

For all inputs that have the potential to require manual
multi-point calibration checks with external calibration
equipment, knife edge disconnects along with test jacks are
incorporated in the field termination panels.

Project design approach
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ID #

Requirement

New Source / Basis

CS-DR-1

Structures, systems, and components important to safety shall be designed,
fabricated, erected, and tested to quality standards commensurate with the
importance of the safety functions to be performed. Where generally
recognized codes and standards are used, they shall be identified and
evaluated to determine their applicability, adequacy, and sufficiency and shall
be supplemented or modified as necessary to assure a quality product in
keeping with the required safety function. A quality assurance program shall
be established and implemented in order to provide adequate assurance that
these structures, systems, and components will satisfactorily perform their
safety functions. Appropriate records of the design, fabrication, erection, and
testing of structures, systems, and components important to safety shall be
maintained by or under the control of the nuclear power unit licensee
throughout the life of the unit.

GDC 1 - Quality standards and records

CS-DR-2

Structures, systems, and components important to safety shall be designed to
withstand the effect of natural phenomena such as earthquakes, tornadoes,
hurricanes, floods, tsunami, and seiches without loss of capability to perform
their safety functions.

GDC 2 - Design Bases for Protection Against Natural
Phenomena

CS-DR-3

Structures, systems, and components important to safety shall be designed
and located to minimize, consistent with other safety requirements, the
probability and effect of fires and explosions.

GDC 3 - Fire protection

CS-DR-4

Structures, systems, and components important to safety shall be designed to
accommodate the effects of and to be compatible with the environmental
conditions associated with normal operation, maintenance, testing, and
postulated accidents, including loss-of-coolant accidents (LOCAs).

GDC 4 - Environmental and dynamic effects design
bases

CS-DR-5

The reactor core and associated coolant, control, and protection systems shall
be designed with appropriate margin to assure that specified acceptable fuel
design limits are not exceeded during any condition of normal operation,
including the effects of anticipated operational occurrences.

GDC 10 - Reactor design
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CS-DR-6

Instrumentation shall be provided to monitor variables and systems over their
anticipated ranges for normal operation, for anticipated operational
occurrences, and for accident conditions as appropriate to assure adequate
safety, including those variables and systems that can affect the fission
process, the integrity of the reactor core, the reactor coolant pressure
boundary, and the containment and its associated systems. Appropriate
controls shall be provided to maintain these variables and systems within
prescribed operating ranges.

GDC 13 - Instrumentation and control

CS-DR-7

A control room shall be provided from which actions can be taken to operate
the nuclear power unit safely under normal conditions and to maintainitin a
safe condition under accident conditions, including loss-of-coolant accidents.
Adequate radiation protection shall be provided to permit access and
occupancy of the control room under accident conditions without personnel
receiving radiation exposures in excess of 5 rem whole body, or its equivalent
to any part of the body, for the duration of the accident. Equipment at
appropriate locations outside the control room shall be provided (1) with a
design capability for prompt hot shutdown of the reactor, including necessary
I&C to maintain the unit in a safe condition during hot shutdown, and (2) with
a potential capability for subsequent cold shutdown of the reactor through
the use of suitable procedures.

GDC 19 - Control Room

CS-DR-8

The protection system shall be designed (1) to initiate automatically the
operation of appropriate systems including the reactivity control systems, to
assure that specified acceptable fuel design limits are not exceeded as a result
of anticipated operational occurrences and (2) to sense accident conditions
and to initiate the operation of systems and components important to safety.

GDC 20 - Protection system functions
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CS-DR-9

The protection system shall be designed for high functional reliability and in-
service testability commensurate with the safety functions to be performed.
Redundancy and independence designed into the protection system shall be
sufficient to assure that (1) no single failure results in loss of the protection
function and (2) removal from service of any component or channel does not
result in loss of the required minimum redundancy unless the acceptable
reliability of operation of the protection system can be otherwise
demonstrated. The protection system shall be designed to permit periodic
testing of its functioning when the reactor is in operation, including a
capability to test channels independently to determine failures and losses of
redundancy that may have occurred.

GDC 21 - Protection system reliability and testability

CS-DR-10

The protection system shall be designed to assure that the effects of natural
phenomena, and of normal operating, maintenance, testing, and postulated
accident conditions on redundant channels do not result in loss of the
protection function, or shall be demonstrated to be acceptable on some other
defined basis. Design techniques, such as functional diversity or diversity in
component design and principles of operation, shall be used to the extent
practical to prevent loss of the protection function.

GDC 22- Protection system independence

CS-DR-11

The protection system shall be designed to fail into a safe state or into a state
demonstrated to be acceptable on some other defined basis if conditions such
as disconnection of the system, loss of energy (e.g., electric power,
instrument air), or postulated adverse environments (e.g., extreme heat or
cold, fire, pressure, steam, water, and radiation) are experienced.

GDC 23 - Protection system failure modes

CS-DR-12

The protection system shall be separated from control systems to the extent
that failure of any single control system component or channel, or failure or
removal from service of any single protection system component or channel
which is common to the control and protection systems leaves intact a system
satisfying all reliability, redundancy, and independence requirements of the
protection system. Interconnection of the protection and control systems
shall be limited so as to assure that safety is not significantly impaired.

GDC 24 - Separation of protection and control

systems
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CS-DR-13

The protection and reactivity control systems shall be designed to assure an
extremely high probability of accomplishing their safety functions in the event
of anticipated operational occurrences.

GDC 29 - Protection against anticipated operational
occurrences

CS-DR-14

A system to supply reactor coolant makeup for protection against small
breaks in the reactor coolant pressure boundary shall be provided. The
system safety function shall be to assure that specified acceptable fuel design
limits are not exceeded as a result of reactor coolant loss due to leakage from
the reactor coolant pressure boundary and rupture of small piping or other
small components which are part of the boundary. The system shall be
designed to assure that for onsite electric power system operation (assuming
offsite power is not available) and for offsite electric power system operation
(assuming onsite power is not available) the system safety function can be
accomplished using the piping, pumps, and valves used to maintain coolant
inventory during normal reactor operation.

GDC 33 - Reactor Coolant Makeup

CS-DR-15

A system to provide abundant emergency core cooling shall be provided. The
system safety function shall be to transfer heat from the reactor core
following any loss of reactor coolant at a rate such that (1) fuel and clad
damage that could interfere with continued effective core cooling is
prevented and (2) clad metal-water reaction is limited to negligible amounts.

GDC 35 - Emergency Core Cooling

CS-DR-16

The emergency core cooling system shall be designed to permit appropriate
periodic pressure and functional testing to assure (1) the structural and leak
tight integrity of its components, (2) the operability and performance of the
active components of the system, and (3) the operability of the system as a
whole and, under conditions as close to design as practical, the performance
of the full operational sequence that brings the system into operation,
including operation of applicable portions of the protection system, the
transfer between normal and emergency power sources, and the operation of
the associated cooling water system.

GDC 37 - Testing of Emergency Core Cooling System
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CS-DR-17 The protection system shall be designed to permit periodic testing of its Regulatory Guide 1.22 - Periodic Testing of
initiation functions inclusive of the actuation devices and actuated equipment | Protection System Actuation Functions (Safety
when the reactor is in operation. Guide 22)

CS-DR-18 Those structures, systems, and components (SSC) that should be designed to Regulatory Guide 1.29 - Seismic Design
remain functional if the Safe Shutdown Earthquake (SSE) occurs shall be Classification
designated as Seismic Category |. (This includes Systems or portions of
systems that